




















For	 this	purpose,	 first	a	 literature	research	has	been	conducted	to	gather	 technical	knowledge	
about	modern	timber	methods.	It	can	be	concluded	that,	although	wood	as	a	natural	material	has	



































































confidentiality	has	ended?	 	 	 	 	 	 ☐YES	 ☐NO	
	





















































































































































































































































































































































































































































While	 the	previous	chapter	 focused	on	the	general	development	 in	Germany	and	Norway,	 this	























ment	are	 the	railway	stations	 in	Malmø	(built	 in	1922)	and	Stockholm	(1925),	both	 located	 in	
Sweden	[26,	67].	More	recently	developed	products	include	oriented	strand	board	as	well	as	the	

























































































solid	wood	 EN	14081‐1	 EN	14081‐1 EN	338 EN	1995‐1‐1


























































not	covered	by	the	main	standard,	e.	g.	 for	strengthening	of	 transverse	connections	using	 fully	
threaded	screws	and	for	traditional	woodworking	joints.	
3.1.2. National	Rules	and	Standards	in	Norway	and	Germany	





hochfeuerhemmende	 Bauteile	 in	 Holzbauweise”	 [8]	 (M‐HFHHolzR,	 German	 regulation	 for	 fire	





























































G୨:	permanent	loads	 uf γୋ୨		 1,20
	 f γୋ୨			 0,90
Qଵ:	leading	variable	load	ሺi ൌ 1ሻ	 uf γ୕,ଵ		 1,50
	 f γ୕,ଵ		 0	
Q୧:	further	variable	loads	 uf γ୕,୧		 1,50
	 f γ୕,୧		 0	
STR,	GEO:	basic	load	combination	for	permanent	and	transient	loads
G୨:	permanent	loads	 uf γୋ୨		 1,20
  f γୋ୨		 1,00
Qଵ:	leading	variable	load	ሺi ൌ 1ሻ  uf γ୕,ଵ		 1,50
	 f γ୕,ଵ		 0	
Q୧:	further	variable	loads	 uf γ୕,୧		 1,50










	 A:	residential	buildings	 0,7 0,5 0,3	
	 H:	roofs	 0 0 0	
snow	loads	 0,7 0,5 0,2	









































1	 self‐weight	 ‐	 ‐ permanent	
2	 self‐weight	 live	load ‐ medium‐term
3	 self‐weight	 snow live	load short‐term	
4	 self‐weight	 live	load snow short‐term	
5	 self‐weight	 wind	from	the	front snow,	live	load instantaneous
6	 self‐weight	 wind	from	the	side snow,	live	load instantaneous
7	 self‐weight	 live	load snow,	wind	from	
the	front
instantaneous
8	 self‐weight	 live load snow,	wind	from	
the	side
instantaneous
9	 self‐weight	 snow wind	from	the	
front,	live	load
instantaneous
10	 self‐weight	 snow wind	from	the	
side,	live	load
instantaneous
11	 self‐weight	 wind	from	the	front ‐ instantaneous
12	 self‐weight	 wind	from	the side ‐ instantaneous
	







for	the	self‐weight	was	used	(γୋ ൌ 1,0	instead	of	γୋ ൌ 1,2).	
3.2.3. Software	
The	preliminary	design	was	mostly	performed	without	the	use	of	design	software.	Stab2d,	a	sim‐
ple	program	 for	 the	 analysis	 of	 two‐dimensional	 frameworks,	was	used	 to	determine	 internal	
forces	and	deformations.	Microsoft	EXCEL	©	was	used	for	the	stability	analysis	of	the	panel	and	




































































































































but	 this	 can	 lead	 to	 large	 settlements.	This	 is	 especially	 interesting	 for	multi‐storey	buildings,	















































Figure	5.4:	Mean	moisture	content	in	wood	(glulam	90×100×600) versus time in a barn in Southern 
Sweden (Åsa)	[26,	155]	





































property	 steel	S355	 concrete	C30/37 glulam	GL24h	
yield	strength	f	 355	N/mmଶ 30 N/mmଶ 24	N/mmଶ		
specific	weight	γ	 78,5	kN/mଷ	 25 kN/mଷ 3,7	kN/mଷ		
heat	conductivity	λ	 50	W/ሺm ⋅ Kሻ 2,3 W/ሺm ⋅ Kሻ 0,12	W/ሺm ⋅ Kሻ		
Young’s	modulus	E	 210000	N/mmଶ 33000 N/mmଶ 11600	N/mmଶ		
	
As	one	could	already	guess	from	the	previous	descriptions,	steel	is	superior	to	wood	in	most	me‐











































































































































































































































The	missing	 link	before	moving	on	 to	discussing	entire	 timber	structures	are	 the	connections.	
























































































































































































































































































































































































































































sented	 in	 the	 introduction	 (cf.	 chapter	 1).	 Here,	 first	 the	 original	 building	 shall	 be	 described	
quickly	to	create	the	basis	for	the	draft	design	of	the	three	variants.	


























































































more	complex	due	to	 the	expected	 large	 forces.	The	connection	 is	realised	using	 internal	steel	
plates	inside	the	wood	members	and	steel	dowels,	see	Figure	6.2.	The	big	advantage	of	the	internal	
steel	plates	is	that	multiple	plates	can	be	used,	creating	two	shear	planes	each,	which	increases	
the	capacity	per	 fastener.	To	avoid	conflicts	with	other	connections	 (especially	 in	 the	 corners,	


























loads,	at	 the	outer	walls,	 they	are	also	subjected	to	bending	 from	the	wind	pressure.	The	 floor	















































































the	 tension	 and	 compression	 chords	 of	 the	 beams.	 Based	 on	 the	 forces	 in	 the	 columns,	
Method	
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V୩ ൌ V ⋅ EI୩∑ EI୧୧ 	 (4.1)
V୩ ൌ M୘ ⋅ EI୩ ⋅ e୩∑ EI୧ ⋅ e୧ଶ୧ 	 (4.2)
where	 V୩		 =	shear	force	of	the	current	wall	k	 	
	 V		 =	global	acting	shear	force	 	
	 EI		 =	stiffness	of	a	wall	 	
	 M୘		 =	 torsional	moment	 due	 to	 eccentricity	 of	 the	 global	 acting	
shear	force	
	





M୩ ൌ M ⋅ EI୩EI୲୭୲	 (4.3)
N୩ ൌ M ⋅ EA୩ ⋅ e୩EI୲୭୲ 	 (4.4)
where	 M୩		 =	bending	moment	of	the	current	wall	k	 	
	 M		 =	global	acting	bending	moment	 	
	 EI୲୭୲		 =	 total	 stiffness	 of	 all	 walls	 according	 to	 Steiner’s	 theorem	
with	respect	to	the	centre	of	gravity	
	
	 N୩		 =	normal	force	of	the	current	wall	k	 	
	 EA		 =	extensional	stiffness	of	a	wall	 	




















































influenced	by	these	changes,	 the	models	had	to	be	changed,	 the	 loads	recalculated,	and	the	EC	
checks	repeated.	This	time,	all	components	still	fulfilled	the	requirements	and	the	design	could	be	
finished.	










































































































































































design	 force	 had	 to	 be	 reduced	 to	 exclude	 the	 unrealistic	 concentrations.	 A	 factor	 of	 0,5	was	
chosen	to	interpolate	between	the	extreme	values,	 leading	to	the	final	design	value	of	െ33,7 ൅























































23 ⋅ 2	 (6.1)
where	 ρ୫ୣୟ୬		 =	mean	density	of	the	wood	in	[kg/mଷ]	 	







23 ⋅ 2 ൌ 14969	N/mm	
Since	one	spring	in	the	ANSYS	model	represents	the	action	of	one	dowel	in	one	shear	plane,	this	
value	could	be	used	directly	as	the	spring	stiffness	of	those	elements.	
The	 tensile	 load	 in	 the	 diagonal	 was	 determined	 in	 the	 preliminary	 design	 and	 amounts	 to	
530,9	kN.	Distributed	over	the	cross‐section	of	the	diagonal	of	b/h ൌ 40/40	cm,	the	resultant	ten‐
sile	stress	is:	

















































































































Fଽ଴,ୖ୩ ൌ 14 ⋅ b ⋅ w ⋅ ඨ hୣ1 െ hୣ/h	 (6.2)
where	 w	 =	modification	factor,	w ൌ 1	for	all	connections	except	for	
nail	plates	
	





















































criteria	 weighting	 frame	construction panel	construction CLT	construction
value	 result value result value	 result
complexity	of	
the	structure	
10	% 3	 30 1 10 5	 50	
difficulty	of	the	
erection	
20	% 2	 40 5 100 4	 80	
difficulty	of	the	
transport	
10	% 5	 50 1 10 3	 30	
deconstruction	
and	reuse	
5	% 5	 25 1 5 2	 10	
suitability	for	
prefabrication	
10	% 2	 20 5 50 3	 30	
fire	safety	
	
15	% 2	 30 3 45 5	 75	
noise	protec‐
tion	








5	% 5	 25 1 5 3	 15	
architectural	
value	
5	% 4	 20 1 5 5	 25	




























































































































































































































































































































































































roof	 characteristic	weight	 dimensions 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
gravel,	protective	layer	 0,2 kN/m2/cm	 		 		 5 cm  1	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm  0,09	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm 3 cm 30	 cm	 0,02	 kN/m2
airtight	insulation,	wood‐fibre	 0,026 kN/m2/cm	 		 2 cm  0,047	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm  0,08	 kN/m2
					horizontal	carriers,	C24	 4,2 kN/m3	 6 cm 16 cm 30	 cm	 0,13	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm  0,09	 kN/m2
		 		 		 		 		 		 		 		 		 1,458	 kN/m2
roof	joists,	glulam	GL24h	 3,7 kN/m3	 14 cm 24 cm 65	 cm	 0,19	 kN/m2
	   1,65	 kN/m2	
floor	 characteristic	weight	 dimensions 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
floor	tiles	incl.	mortar	 0,3 kN/m2/cm	 		 		 1 cm 		 		 0,30	 kN/m2
cement	screed	 0,22 kN/m2/cm	 		 3 cm 		 		 0,66	 kN/m2
footfall	sound	insulation,	wood	fibre	 0,028 kN/m2/cm	 		 4 cm 		 		 0,10	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm 		 		 0,09	 kN/m2
		 		 		 		 		 		 		 		 		 1,15	 kN/m2
floor	joists,	glulam	GL24h	 3,7 kN/m3	 14 cm 24 cm 65	 cm	 0,19	 kN/m2
	   1,34	 kN/m2	
outer	wall,	facade	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 1 cm 		 		 0,06	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					vertical	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 60	 cm	 0,07	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 1 cm 		 		 0,06	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 2 cm 		 		 0,04	 kN/m2
ventilation	+	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 3 cm 		 		 0,13	 kN/m2
	   0,44	 kN/m2	
b)	Panel	Construction	
roof	1,	2	 characteristic	weight	 dimensions 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
gravel,	protective	layer	 0,2 kN/m2/cm	 		 		 5 cm  1	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm  0,09	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm 3 cm 30	 cm	 0,02	 kN/m2
airtight	insulation,	wood‐fibre	 0,026 kN/m2/cm	 		 2 cm  0,0468	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm  0,08	 kN/m2
					horizontal	carriers,	C24	 4,2 kN/m3	 6 cm 16 cm 30	 cm	 0,13	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm  0,09	 kN/m2
roof	joists,	glulam	GL24h	 3,7 kN/m3	 16 cm 24 cm 60	 cm	 0,24	 kN/m2
	   1,69	 kN/m2	
Self‐weight	
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roof	3	 characteristic	weight	 dimensions 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
gravel,	protective	layer	 0,2 kN/m2/cm	 		 		 5 cm  1	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm  0,09	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 30	 cm	 0,02	 kN/m2
airtight	insulation,	wood‐fibre	 0,026 kN/m2/cm	 		 2 cm  0,0468	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm  0,08	 kN/m2
					horizontal	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 30	 cm	 0,13	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm  0,09	 kN/m2
roof	joists,	glulam	GL24h	 3,7 kN/m3	 8 cm	 24 cm 60	 cm	 0,12	 kN/m2
	   1,58	 kN/m2	
floor	1,	2	 characteristic	weight	 dimensions 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
floor	tiles	incl.	mortar	 0,3 kN/m2/cm	 		 		 1 cm 		 		 0,30	 kN/m2
cement	screed	 0,22 kN/m2/cm	 		 3 cm 		 		 0,66	 kN/m2
footfall	sound	insulation,	wood	
fibre	 0,028 kN/m2/cm	 		 4 cm 		 		 0,10	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm 		 		 0,09	 kN/m2
floor	joists,	glulam	GL24h	 3,7 kN/m3	 16 cm 20 cm 60	 cm	 0,20	 kN/m2
	   1,35	 kN/m2	
floor	3	 characteristic	weight	 dimensions 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
floor	tiles	incl.	mortar	 0,3 kN/m2/cm	 		 		 1 cm 		 		 0,30	 kN/m2
cement	screed	 0,22 kN/m2/cm	 		 3 cm 		 		 0,66	 kN/m2
footfall	sound	insulation,	wood	
fibre	 0,028 kN/m2/cm	 		 4 cm 		 		 0,10	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm 		 		 0,09	 kN/m2
floor	joists,	glulam	GL24h	 3,7 kN/m3	 8 cm	 20 cm 60	 cm	 0,10	 kN/m2
	   1,25	 kN/m2	
outer	module	wall	28/28	studs	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					studs,	glulam	GL24h	 3,7 kN/m3	 28 cm 28 cm 60	 cm	 0,48	 kN/m2
					bottom	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 28 cm 		 		 0,05	 kN/m2
					bottom	plate,	glulam	GL24h	 3,7 kN/m3	 10 cm 24 cm 		 		 0,03	 kN/m2
					top	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 28 cm 		 		 0,05	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm 		 		 0,09	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 2 cm 		 		 0,04	 kN/m2
ventilation	+	battens,	C24	 4,2 kN/m3	 4 cm 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 3 cm 		 		 0,13	 kN/m2
	   1,04	 kN/m2	
Self‐weight	
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outer	module	wall	24/24	studs	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					studs,	glulam	GL24h	 3,7 kN/m3	 24 cm 24 cm 60	 cm	 0,36	 kN/m2
					bottom	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 24 cm 		 		 0,04	 kN/m2
					bottom	plate,	glulam	GL24h	 3,7 kN/m3	 10 cm 24 cm 		 		 0,03	 kN/m2
					top	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 24 cm 		 		 0,04	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm 		 		 0,09	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 2 cm 		 		 0,04	 kN/m2
ventilation	+	battens,	C24	 4,2 kN/m3	 4 cm 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 3 cm 		 		 0,13	 kN/m2
	   0,90	 kN/m2	
outer	module	wall	20/20	studs	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					studs,	glulam	GL24h	 3,7 kN/m3	 20 cm 20 cm 60	 cm	 0,25	 kN/m2
					bottom	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 20 cm 		 		 0,04	 kN/m2
					bottom	plate,	glulam	GL24h	 3,7 kN/m3	 10 cm 24 cm 		 		 0,03	 kN/m2
					top	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 20 cm 		 		 0,04	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm 		 		 0,09	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 2 cm 		 		 0,04	 kN/m2
ventilation	+	battens,	C24	 4,2 kN/m3	 4 cm 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 3 cm 		 		 0,13	 kN/m2
	   0,78	 kN/m2	
outer	module	wall	16/16	studs	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					studs,	glulam	GL24h	 3,7 kN/m3	 16 cm 16 cm 60	 cm	 0,16	 kN/m2
					bottom	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 16 cm 		 		 0,03	 kN/m2
					bottom	plate,	glulam	GL24h	 3,7 kN/m3	 10 cm 24 cm 		 		 0,03	 kN/m2
					top	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 16 cm 		 		 0,03	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm 		 		 0,09	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 2 cm 		 		 0,04	 kN/m2
ventilation	+	battens,	C24	 4,2 kN/m3	 4 cm 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 3 cm 		 		 0,13	 kN/m2




outer	module	wall	8/16	studs	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					studs,	glulam	GL24h	 3,7 kN/m3	 8 cm 16 cm 60	 cm	 0,08	 kN/m2
					bottom	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 16 cm 		 		 0,03	 kN/m2
					bottom	plate,	glulam	GL24h	 3,7 kN/m3	 10 cm 24 cm 		 		 0,03	 kN/m2
					top	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 16 cm 		 		 0,03	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 2 cm 		 		 0,09	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 2 cm 		 		 0,04	 kN/m2
ventilation	+	battens,	C24	 4,2 kN/m3	 4 cm 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 3 cm 		 		 0,13	 kN/m2
	   0,59	 kN/m2	
inner	module	wall	28/28	studs	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
sound	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					studs,	glulam	GL24h	 3,7 kN/m3	 28 cm 28 cm 60	 cm	 0,48	 kN/m2
					bottom	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 28 cm 		 		 0,05	 kN/m2
					bottom	plate,	glulam	GL24h	 3,7 kN/m3	 10 cm 24 cm 		 		 0,03	 kN/m2
					top	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 28 cm 		 		 0,05	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
	   0,88	 kN/m2	
inner	module	wall	24/24	studs	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
sound	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					studs,	glulam	GL24h	 3,7 kN/m3	 24 cm 24 cm 60	 cm	 0,36	 kN/m2
					bottom	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 24 cm 		 		 0,04	 kN/m2
					bottom	plate,	glulam	GL24h	 3,7 kN/m3	 10 cm 24 cm 		 		 0,03	 kN/m2
					top	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 24 cm 		 		 0,04	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
	   0,73	 kN/m2
	
inner	module	wall	20/20	studs	 characteristic	weight	 dimensions 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
inner	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2
sound	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					studs,	glulam	GL24h	 3,7 kN/m3	 20 cm 20 cm 60	 cm	 0,25	 kN/m2
					bottom	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 20 cm 		 		 0,04	 kN/m2
					bottom	plate,	glulam	GL24h	 3,7 kN/m3	 10 cm 24 cm 		 		 0,03	 kN/m2
					top	blocking,	glulam	GL24h	 3,7 kN/m3	 16 cm 20 cm 		 		 0,04	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 		 2 cm 		 		 0,09	 kN/m2




roof	1	 characteristic	weight dimensions	 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
gravel,	protective	layer	 0,2 kN/m2/cm	 		 		 5 cm  1	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 1,8 cm  0,09	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 30	 cm	 0,02	 kN/m2
airtight	insulation,	wood‐fibre	 0,026 kN/m2/cm	 		 1,8 cm  0,0468	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm  0,08	 kN/m2
					horizontal	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 30	 cm	 0,13	 kN/m2
CLT	 4 kN/m3	 		 		 14,5 cm 		 		 0,58	 kN/m2
	   1,95	 kN/m2	
roof	2,	3	 characteristic	weight dimensions	 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
gravel,	protective	layer	 0,2 kN/m2/cm	 		 		 5 cm  1	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 1,8 cm  0,09	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 30	 cm	 0,02	 kN/m2
airtight	insulation,	wood‐fibre	 0,026 kN/m2/cm	 		 1,8 cm  0,0468	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm  0,08	 kN/m2
					horizontal	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 30	 cm	 0,13	 kN/m2
CLT	 4 kN/m3	 		 		 20,9 cm 		 		 0,84	 kN/m2
	   2,20	 kN/m2	
roof	4	 characteristic	weight dimensions	 		 spacing	 load	 		
		 γ 		 b 		 h 		 a	 		 g	 		
gravel,	protective	layer	 0,2 kN/m2/cm	 		 		 5 cm  1	 kN/m2
plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 1,8 cm  0,09	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 30	 cm	 0,02	 kN/m2
airtight	insulation,	wood‐fibre	 0,026 kN/m2/cm	 		 1,8 cm  0,0468	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm  0,08	 kN/m2
					horizontal	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 30	 cm	 0,13	 kN/m2
CLT	 4 kN/m3	 		 		 9,5 cm 		 		 0,38	 kN/m2
	   1,75	 kN/m2	
floor	1	 characteristic	weight dimensions	 		 spacing	 load	 		
		 γ 		 b 	 h 		 a	 		 g	 		
floor	tiles	incl.	mortar	 0,3 kN/m2/cm	 		 	 1 cm 		 		 0,30	 kN/m2
cement	screed	 0,22 kN/m2/cm	 		 3 cm 		 		 0,66	 kN/m2
footfall	sound	insulation,	wood	
fibre	 0,028 kN/m2/cm	 		 3,6 cm 		 		 0,10	 kN/m2
CLT	 4 kN/m3	 		 	 14,5 cm 		 		 0,58	 kN/m2
	   1,64	 kN/m2	
floor	2,	3	 characteristic	weight dimensions	 		 spacing	 load	 		
		 γ 		 b 	 h 		 a	 		 g	 		
floor	tiles	incl.	mortar	 0,3 kN/m2/cm	 		 	 1 cm 		 		 0,30	 kN/m2
cement	screed	 0,22 kN/m2/cm	 		 3 cm 		 		 0,66	 kN/m2
footfall	sound	insulation,	wood	
fibre	 0,028 kN/m2/cm	 		 3,6 cm 		 		 0,10	 kN/m2
CLT	 4 kN/m3	 		 	 20,9 cm 		 		 0,84	 kN/m2
	   1,90	 kN/m2	
Self‐weight	
Load	Calculation	‐	Lucas	Bienert	 	 8	
floor	4	 characteristic	weight dimensions	 		 spacing	 load	 		
		 γ 		 b 	 h 		 a	 		 g	 		
floor	tiles	incl.	mortar	 0,3 kN/m2/cm	 		 	 1 cm 		 		 0,30	 kN/m2
cement	screed	 0,22 kN/m2/cm	 		 3 cm 		 		 0,66	 kN/m2
footfall	sound	insulation,	wood	
fibre	 0,028 kN/m2/cm	 		 3,6 cm 		 		 0,10	 kN/m2
CLT	 4 kN/m3	 		 	 9,5 cm 		 		 0,38	 kN/m2
	   1,44	 kN/m2	
outer	wall	t	=	170	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
CLT	 4 kN/m3	 		 		 17,0 cm 		 		 0,68	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					vertical	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 60	 cm	 0,07	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 1,2 cm 		 		 0,06	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 1,5 cm 		 		 0,04	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 2,5 cm 		 		 0,13	 kN/m2
	   1,06	 kN/m2	
outer	wall	t	=	145	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
CLT	 4 kN/m3	 		 		 14,5 cm 		 		 0,58	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					vertical	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 60	 cm	 0,07	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 1,2 cm 		 		 0,06	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 1,5 cm 		 		 0,04	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 2,5 cm 		 		 0,13	 kN/m2
	   0,96	 kN/m2	
outer	wall	t	=	120	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
CLT	 4 kN/m3	 		 		 12,0 cm 		 		 0,48	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					vertical	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 60	 cm	 0,07	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 1,2 cm 		 		 0,06	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 1,5 cm 		 		 0,04	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 2,5 cm 		 		 0,13	 kN/m2
	   0,86	 kN/m2	
outer	wall	t	=	95	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 		 t 		 a	 		 g	 		
CLT	 4 kN/m3	 		 		 9,5 cm 		 		 0,38	 kN/m2
heat	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 16 cm 		 		 0,08	 kN/m2
					vertical	carriers,	C24	 4,2 kN/m3	 6 cm	 16 cm 60	 cm	 0,07	 kN/m2
outer	plywood	sheathing,	spruce	 0,05 kN/m2/cm	 		 1,2 cm 		 		 0,06	 kN/m2
airtight	insulation,	wood‐fibre	 0,0235 kN/m2/cm	 		 1,5 cm 		 		 0,04	 kN/m2
ventilation	+	counter	battens,	C24	 4,2 kN/m3	 4 cm	 3 cm 60	 cm	 0,01	 kN/m2
cladding,	wood	 5 kN/m3	 		 		 2,5 cm 		 		 0,13	 kN/m2




half	inner	dividing	wall	t	=	170	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 	 t 		 a	 		 g	 		
CLT	 4 kN/m3	 		 	 17 cm 		 		 0,68	 kN/m2
sound	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 	 8 cm 		 		 0,04	 kN/m2
	   0,72	 kN/m2	
half	inner	dividing	wall	t	=	145	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 	 t 		 a	 		 g	 		
CLT	 4 kN/m3	 		 	 14,5 cm 		 		 0,58	 kN/m2
sound	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 	 8 cm 		 		 0,04	 kN/m2
	   0,62	 kN/m2	
half	inner	dividing	wall	t	=	120	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 	 t 		 a	 		 g	 		
CLT	 4 kN/m3	 		 	 12 cm 		 		 0,48	 kN/m2
sound	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 	 8 cm 		 		 0,04	 kN/m2
	   0,52	 kN/m2	
half	inner	dividing	wall	t	=	95	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ 		 b 	 t 		 a	 		 g	 		
CLT	 4 kN/m3	 		 	 9,5 cm 		 		 0,38	 kN/m2
sound	insulation,	wood	fibre	 0,005 kN/m2/cm	 		 	 8 cm 		 		 0,04	 kN/m2
	   0,42	 kN/m2	
inner	wall	t	=	246	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ	 		 b 	 t 		 a	 		 g	 		
CLT	 4	 kN/m3	 		 	 24,6 cm 		 		 0,98	 kN/m2
	   0,98	 kN/m2	
inner	wall	t	=	170	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ	 		 b 	 t 		 a	 		 g	 		
CLT	 4	 kN/m3	 		 	 17 cm 		 		 0,68	 kN/m2
	   0,68	 kN/m2	
inner	wall	t	=	95	mm	 characteristic	weight dimensions	 		 spacing	 load	 		
h	=	3,195	m	 γ	 		 b 	 t 		 a	 		 g	 		
CLT	 4	 kN/m3	 		 	 9,5 cm 		 		 0,38	 kN/m2





category	 description	 q୩ ሾkN/mଶሿ	 Q୩	ሾkNሿ
A	 residential	 buildings,	 kitchen,	 bathroom,	 living	 and	
sleeping	rooms,	e.	g.	in	hospitals,	hotels
	
	 floor	 2,5	*	 2,0	
H	 roofs,	not	walkable,	only	maintenance 	








α୬ ൌ 2 ൅
ሺ14 െ 2ሻ ⋅ 0,7
14 ൌ 0,74	
n ൌ 14		










s ൌ μ୧ ⋅ Cୣ ⋅ C୲ ⋅ s୩	 exposure	factor	Cୣ ൌ 1,0	(normal	exposure)	
thermal	factor	C୲ ൌ 1,0	











h ൌ 52,92 െ 49,92 ൌ 3,0	m	
μ୵ ൌ bଵ ൅ bଶ2 ⋅ h ൌ
2,10 ൅ 9,275
2 ⋅ 3,0 ൌ 1,90 ൑ 2 ⋅ 3,67/2 ൌ 3,67	




lୱ ൌ 2 ⋅ 3,0 ൌ 6,0	m ൐ 4,08	m	
μᇱ ൌ 0,8 ൅ 1,90 െ 0,86,0 ሺ6,0 െ 4,08ሻ ൌ 1,15	







s ൌ 0,8 ⋅ 2,0 ൌ 1,6	kN/mଶ	
	
Roof	3	
α ൌ 0° ൑ 15°	
	μୱ ൌ 0	
bଵ ൌ 2,10 ൅ 7,2952 ൌ 4,70	m	
bଶ ൌ 9,275	m	
h ൌ 52,92 െ 49,92 ൌ 3,0	m	
μ୵ ൌ 4,70 ൅ 9,2752 ⋅ 3,0 ൌ 2,33 ൑ 2 ⋅ 3,00/2 ൌ 3,00	
s ൌ 2,33 ⋅ 2,0 ൌ 4,66	kN/mଶ	






vୠ,଴ ൌ 26	m/s ൏ v଴ ൌ 30	m/s	
basic	wind	speed	with	direction	factor	cୢ୧୰ ൌ 1,0,	season	factor	cୱୣୟୱ୭୬ ൌ 1,0	and	probability	
factor	c୮୰୭ୠ ൌ 1,0.	





cୟ୪୲ ൌ 1,0 ൅ ሺ30 െ 26ሻሺ2 െ 900ሻ26ሺ1500 െ 900ሻ ൌ 0,77 ൏ 1,0	
cୟ୪୲ ൌ 1,0	






c୰ሺzሻ ൌ 0,24 ⋅ ln ൬ z1,0 m൰	 z୫୧୬ ൑ z ൑ z୫ୟ୶	
c୰ሺzሻ ൌ c୰ሺz୫୧୬ሻ	 z ൑ ݖ௠௜௡	
terrain	form	factor:	ܿ௢ሺݖሻ ൌ 1,0	
ݒ௠ሺݖሻ ൌ 0,24 ⋅ ݈݊ ൬ ݖ1,0	݉൰ ⋅ 26	݉/ݏ	 ݖ௠௜௡ ൑ ݖ ൑ ݖ௠௔௫	





ܫ௩ሺݖሻ ൌ 1,01,0 ⋅ ݈݊ ቀ ݖ1,0 ݉ቁ
	 ݖ௠௜௡ ൑ ݖ ൑ ݖ௠௔௫	
ܫ௩ሺݖሻ ൌ ܫ௩ሺݖ௠௜௡ሻ	 ݖ ൑ ݖ௠௜௡	
	
10	minutes	average	wind	speed	pressure	
air	density	ߩ ൌ 1,25 ݇݃/݉ଷ	
ݍ௠ሺݖሻ ൌ 0,5 ⋅ 1,25	݇݃/݉ଷ ⋅ ݒ௠ଶ ሺݖሻ	
gust	wind	speed	pressure	
peak	factor	݇௣ ൌ 3,5	
ݍ௣ሺݖሻ ൌ ሾ1 ൅ 2 ⋅ 3,5 ⋅ ܫ௩ሺݖሻሿ ⋅ ݍ௠ሺݖሻ	
	
general	geometry	










ݖ௘ଵ ൌ 20,65	݉ ൐ ݖ௠௜௡ ൌ 16	݉	
ݖ௘ଶ ൌ 50,92 െ 20,65 ൌ 30,27	݉	
ݖ௘ଷ ൌ 50,92	݉ ൏ ݖ௠௔௫ ൌ 200	݉	
	
i	 ݖ௘	 ݒ௠	 ܫ௩ ݍ௠ ݍ௣	
3	 50,92 24,52 0,254 375,8 1044,0	
2	 30,27 21,28 0,293 283,0 863,4	





ݖ௘ଵ ൌ 22,34	݉ ൐ ݖ௠௜௡ ൌ 16	݉	
ݖ௘ଶ ൌ 50,92 െ 22,34 ൌ 28,58	݉	
ݖ௘ଷ ൌ 50,92	݉ ൏ ݖ௠௔௫ ൌ 200	݉	
	
i	 ݖ௘	 ݒ௠	 ܫ௩ ݍ௠ ݍ௣	
3	 50,92 24,52 0,254 375,8 1044,0	
2	 28,58 20,92 0,298 273,5 844,0	














݁ ൌ 22,34	݉ ቊ ൒ ݀ ൌ 20,65	݉൏ 5݀ ൌ 5 ⋅ 20,65 ൌ 103,25	݉	




	 A	 B D E	
ܿ௣௘,ଵ଴	 ‐1,2	 ‐0,8 ൅0,8 ‐0,57	






݁ ൌ 20,65	݉ ൏ ݀ ൌ 22,34	݉	
݄/݀ ൌ 50,92/22,34 ൌ 2,28	
 area	C	is	neglected	
	
	 A	 B D E	
ܿ௣௘,ଵ଴	 ‐1,2	 ‐0,8 ൅0,8 ‐0,56	








	 F	 G H	
c୮ୣ,ଵ଴	 ‐1,8	 ‐1,2 ‐0,7	





	 F G H I	
c୮ୣ,ଵ଴	 ‐1,8	 ‐1,2 ‐0,7 ൅/‐0,2	



























































































































































































To	avoid	 large	 compression	 stresses	perpendicular	 to	 the	grain,	 the	 floor	 slabs	 are	not	put	 in	
between	the	wall	elements,	but	set	into	a	groove	cut	into	the	lower	wall.	










strength	parallel	to	the	grain σ୮ ൌ 5 N/mmଶ	
compression	strength	perpendicular	to	the	grain σ୮,ୡ ൌ 1,5	N/mmଶ	
Young’s	modulus	 E୮ ൌ 10	000	N/mmଶ	
plywood	 shear	strength	 σ୮,୴ ൌ 1,5	N/mmଶ	
out‐of‐plane	bending	strength σ୮ ൌ 8 N/mmଶ	
Young’s	modulus	 E ൌ 4 000	N/mmଶ	
CLT	 strength	in	the	strong	direction σ୮ ൌ 5 N/mmଶ	
strength	in	the	weak	direction σ୮ ൌ 4 N/mmଶ	
in‐plane	bending	around	the	strong	axis σ୮,୫ ൌ 4	N/mmଶ	
compression	strength	perpendicular	to	the	grain σ୮,ୡ ൌ 1,5	N/mmଶ	
in‐plane	shear	strength σ୮,୴ ൌ 0,6	N/mmଶ	
Young’s	modulus	 E୮ ൌ 4 000	N/mmଶ	





The	 loads	 in	 multi‐storey	 buildings	 change	 strongly	 over	 the	 height.	 In	 this	 design,	 only	 the	


























floor	joist	 height h ൎ l/20
steel	bolts,	dowels	 capacity	 per	 fastener	 ሺsingle	
shearሻ
F ൌ 2,0 ⋅ dଶ	
capacity	per	fastener	ሺdouble	
shearሻ
F ൌ 4,4 ⋅ dଶ	
required	space	per	fastener req A ൌ 30 ⋅ dଶ	
capacity	 at	 an	 angle	 to	 the	
grain F
ᇱ ൌ ቀ1 െ α360ቁ ⋅ F	
capacity	with	steel	plate Fᇱ ൌ 1,25 ⋅ F	
fully	threaded	screws capacity	 per	 screw	 ሺaxial	
tensionሻ
F ൌ 5 ⋅ dଶ	
required	space	per	screw req A ൌ 60 ⋅ dଶ	
















live	load	 q୩ ൌ 2,0 kN/mଶ
self‐weight	floors	 g୩ ൌ 2,0 kN/mଶ
self‐weight	walls	 g୩ ൌ 1,0 kN/mଶ



















q୮,୲୭୲ ൌ 1,044 ⋅ 20,65 ൅ 0,8634 ൅ 0,68302 ⋅ 9,62 ൅ 0,6830 ⋅ 20,65 ൌ 43,1	kN/m	
Q୮,୲୭୲ ൌ 43,1 ⋅ 22,34 ൌ 962,9	kN	
c୮ୣሺD ൅ Eሻ ൌ 0,8 ൅ 0,57 ൌ 1,37	
W୷ ൌ 1,37 ⋅ 962,9 ൌ 1319	kN	
bending	moment	of	the	cantilever	beam	
m୯୮,୲୭୲ ൌ 1,044 ⋅ 20,65 ⋅ ൬50,92 െ 20,652 ൰	
൅0,683 ⋅ 9,62 ⋅ ൬20,65 ൅ 9,622 ൰	
൅12 ⋅ ሺ0,8643 െ 0,683ሻ ⋅ 9,62 ⋅ ൬20,65 ൅
2
3 ⋅ 9,62൰	
൅0,683 ⋅ 20,65 ⋅ 20,652 	
ൌ 1212	kNm/m	
M୯୮,୲୭୲ ൌ 1212 ⋅ 22,34 ൌ 27076	kNm	
c୮ୣሺD ൅ Eሻ ൌ 0,8 ൅ 0,57 ൌ 1,37	














q୮,୲୭୲ ൌ 1,044 ⋅ 22,34 ൅ 0,844 ൅ 0,76372 ⋅ 6,24 ൅ 0,7637 ⋅ 22,34 ൌ 45,4	kN/m	
Q୮,୲୭୲ ൌ 45,4 ⋅ 20,65 ൌ 937,5	kN	
c୮ୣሺD ൅ Eሻ ൌ 0,8 ൅ 0,56 ൌ 1,36	
W୶ ൌ 1,36 ⋅ 937,5 ൌ 1275	kN	
bending	moment	of	the	cantilever	beam	
m୯୮,୲୭୲ ൌ 1,044 ⋅ 22,34 ⋅ ൬50,92 െ 22,342 ൰	
൅0,7637 ⋅ 6,24 ⋅ ൬22,34 ൅ 6,242 ൰	
൅12 ⋅ ሺ0,844 െ 0,7637ሻ ⋅ 6,24 ⋅ ൬22,34 ൅
2
3 ⋅ 6,24൰	
൅0,7637 ⋅ 22,34 ⋅ 22,342 	
ൌ 1246	kNm/m	
M୯୮,୲୭୲ ൌ 1246 ⋅ 20,65 ൌ 25722	kNm	
c୮ୣሺD ൅ Eሻ ൌ 0,8 ൅ 0,56 ൌ 1,36	































l ൌ 9,2752 ൌ 4,64	m	














max	Mଵ ൌ 2 ⋅ 0,125 ⋅ 1,3 ⋅ 4,64ଶ ൌ 7,0 kNm	




I୷ ൌ 16128 cmସ
W୷ ൌ 1344 cmଷ
deformation	
max	δ ൌ 2 ⋅ 1,3/100 ⋅ 464
ସ
76,8 ⋅ 1000 ⋅ 16128 ൌ 0,973	cm	
൏ l/250 ൌ 464/250 ൌ 1,86	cm	
max	reaction	forces	
A୥ ൌ 0,5 ⋅ 1,3 ⋅ 4,64 ൌ 3,02	kN	












q୩ ൌ 2,0 ⋅ 0,65 ൌ 1,3	kN/mଶ	
g୩ ൌ 1,3	kN/mଶ	









A୥ ൌ 0,5 ⋅ 1,3 ⋅ 2,1 ൌ 1,37	kN	








l ൌ 4,47	m	  for	simplicity,	an	average	span	is	
calculated	
loads	 	









max	Mଵ ൌ ሺ0,078 ൅ 0,100ሻ ⋅ 4,65 ⋅ 4,47ଶ ൌ 16,54	kNm	
req	W୷ ൌ 1654/0,5 ൌ 3308	cmଷ	
corresponding	moment	at	the	support	B	
M୆ ൌ ሺെ0,105 െ 0,053ሻ ⋅ 4,65 ⋅ 4,47ଶ ൌ െ14,7	kNm	
max	moment	at	the	support	
	
max	M୆ ൌ ሺെ0,105 െ 0,12ሻ ⋅ 4,65 ⋅ 4,47ଶ ൌ 20,9	kNm	
req	W୷ ൌ 2090/0,5 ൌ 4181	cmଷ	
selected	dimensions	
b/h ൌ 16/42
I୷ ൌ 98784 cmସ




max	δ ൌ 2 ⋅ 4,65/100 ⋅ 447
ସ
76,8 ⋅ 1000 ⋅ 98784	
൅ െ147016 ⋅ 1000 ⋅ 98784 ⋅ 447
ଶ	
ൌ 0,489 െ 0,186 ൌ 0,30	cm	





A୥ ൌ 0,395 ⋅ 4,65 ⋅ 4,47 ൌ 8,2	kN	
A୯ ൌ 0,447 ⋅ 4,65 ⋅ 4,47 ൌ 9,3	kN	
A ൌ 17,5	kN	
	
B୥ ൌ 1,132 ⋅ 4,65 ⋅ 4,47 ൌ 23,5	kN	
B୯ ൌ 1,218 ⋅ 4,65 ⋅ 4,47 ൌ 25,3	kN	
B ൌ 48,8	kN	
	
C୥ ൌ 0,974 ⋅ 4,65 ⋅ 4,47 ൌ 20,2	kN	







l ൌ 4,47	m	  average	span	
loads	 	













A୥ ൌ 0,395 ⋅ 4,65 ⋅ 4,47 ൌ 8,2	kN	
A୯ ൌ 0,447 ⋅ 4,65 ⋅ 4,47 ൌ 9,3	kN	
A ൌ 17,5	kN	
	
B୥ ൌ 1,132 ⋅ 4,65 ⋅ 4,47 ൌ 23,5	kN	
B୯ ൌ 1,218 ⋅ 4,65 ⋅ 4,47 ൌ 25,3	kN	
B ൌ 48,8	kN	
	
C୥ ൌ 0,974 ⋅ 4,65 ⋅ 4,47 ൌ 20,2	kN	







l ൌ 4,47	m	  average	span	
loads	 	













A୥ ൌ 0,395 ⋅ 2,1 ⋅ 4,47 ൌ 3,7	kN	
A୯ ൌ 0,447 ⋅ 2,1 ⋅ 4,47 ൌ 4,2	kN	
A ൌ 7,9	kN	
	
B୥ ൌ 1,132 ⋅ 2,1 ⋅ 4,47 ൌ 10,6	kN	
B୯ ൌ 1,218 ⋅ 2,1 ⋅ 4,47 ൌ 11,4	kN	
B ൌ 22,1	kN	
	
C୥ ൌ 0,974 ⋅ 2,1 ⋅ 4,47 ൌ 9,1	kN	









max	wୣሺD ൅ Eሻ ൌ 1,044 ⋅ ሺ0,8 ൅ 0,57ሻ
ൌ 1,43	kN/mଶ	
w୩ ൌ 1,15 ⋅ 1,43 ⋅ 3,195 ൌ 5,25	kN/m	






|P୲| ൌ |Pୡ| ൌ 5,25 ⋅ 22,34
ଶ
8 /20,65 ൌ 15,9	kN	



























g୩ ൌ 1,15 ⋅ 1 ⋅ 3,195 ൌ 3,67	kN/m	
wind	load	(wind	from	the	front,	wind	area	D,	
horizontal)	
wୣሺDሻ ൌ 1,044 ⋅ 0,8 ൌ 0,84	kN/mଶ	


































































wୣሺAሻ ൌ 1,2 ⋅ 1,044 ൌ 1,25	kN/mଶ	
w୩ ൌ 1,15 ⋅ 1,25 ⋅ 3,195 ൌ 4,59	kN/m	
	
wୣሺBሻ ൌ 0,8 ⋅ 1,044 ൌ 0,84	kN/mଶ	
























































W ൌ 1319/2 ൌ 659,5	kN	  one	frame	takes	half	the	total	wind	force
bending	moment	of	the	cantilever	beam	
M୲୭୲ ൌ 1,37 ⋅ 27076 ൌ 37094	kNm	
	












1.1	 N୥,୧ ൌ 2 ⋅ 23,5 ൌ 47,0	kN	
N୯,୧ ൌ 2 ⋅ 25,3 ൌ 50,6	kN	
N ൌ 47,0 ⋅ 15 ൅ 50,6




1.2	 N୥,୧ ൌ 8,2 ൅ 6,49 ൅ 6,59 ൌ 21,3 kN	
N୯,୧ ൌ 9,3	kN	
N ൌ 21,3 ⋅ 15 ൅ 9,3




1.3	 N୥,୧ ൌ 2 ⋅ 8,2 ൅ 20,1 ൌ 36,5 kN	
N୯,୧ ൌ 2 ⋅ 9,3 ൌ 18,6	kN	
N ൌ 36,5 ⋅ 15 ൅ 18,6
⋅ ሺ1 ൅ 14 ⋅ 0,74ሻ ൌ 758,8 kN	
 2	x	reaction	force	A	@	2.2	
 reaction	force	B	@	2.4	(side)	
1.4	 N୥,୧ ൌ 8,2 ൅ 3,7 ൅ 11,3 ൌ 23,2 kN	
N୯,୧ ൌ 9,3 ൅ 4,2 ൌ 13,5	kN	
N ൌ 23,2 ⋅ 15 ൅ 13,5










N ൎ 18547/29,275 ൌ 1000	kN	
column	1.3	













1.1	 1600	 0	 1600	 4571	
1.2	 425,1	 1000	 1425,1	 4072	
1.3	 758,8	 500	 1258,8	 3597	















wind	load	[kN]	 total	load	[kN]	 A୰ୣ୯	[cmଶሿ	 selected	dimensions	
1.1	 1600	 0	 1600	 4571	 40/120	
1.2	 425,1	 636,6	 1062	 3034	 40/80	
1.3	 758,8	 232,3	 991	 2831	 40/80	







wind	load	[kN]	 total	load	[kN]	 A୰ୣ୯	[cmଶሿ	 selected	dimensions	
1.1	 1600	 0	 1600	 4571	 40/120	
1.2	 425,1	 613,7	 1039	 2968	 40/80	
1.3	 758,8	 185,5	 944	 2698	 40/80	
1.4	 501,4	 839,1	 1341	 3830	 40/120	
	
The	 cross‐section	 of	 the	 column	 can	 decrease	 over	 the	 height	 of	 the	 building	 because	 of	 the	





	 column	1.1	 column	1.2	 column	1.3	 column	1.4	
storey	no	 M	 N	 b/h	 b/h	 b/h	 b/h	
‐	 [%]	 [%]	 [cm/cm]	 [cm/cm]	 [cm/cm]	 [cm/cm]	
0	 100,00	 100,00 40/120 40/80 40/80	 40/120
1	 87,11	 93,33 40/120 40/80 40/80	 40/120
2	 75,11	 86,67 40/120 40/80 40/80	 40/120
3	 64,00	 80,00 40/120 40/80 40/80	 40/120
4	 53,78	 73,33 40/100 40/60 40/60	 40/80
5	 44,44	 66,67 40/100 40/60 40/60	 40/80
6	 36,00	 60,00 40/100 40/60 40/60	 40/80
7	 28,44	 53,33 40/100 40/60 40/60	 40/80
8	 21,78	 46,67 40/60 40/40 40/40	 40/60
9	 16,00	 40,00 40/60 40/40 40/40	 40/60
10	 11,11	 33,33 40/60 40/40 40/40	 40/60
11	 7,11	 26,67 40/60 40/40 40/40	 40/60
12	 4,00	 20,00 40/40 40/40 40/40	 40/40
13	 1,78	 13,33 40/40 40/40 40/40	 40/40
14	 0,44	 6,67 40/40 40/40 40/40	 40/40
15	 0,00	 0,00 40/40 40/40 40/40	 40/40
	









α ൌ arctan ൬4 ⋅ 3,1959,275 ൰ ൌ 54°	







wୣ୯ ൌ 2 ⋅ 18547/50,92ଶ ൌ 14,3	kN/m	
bending	moment	at	the	top	end	of	the	diagonal	











N ൎ 18547/29,275 ൌ 1000	kN	
normal	force	in	the	column	at	the	top	end	of	the	
diagonal	








Fୈ ൌ 1000 െ 562cos 54 ൌ 745	kN	
	
	





























V ൌ 5,25 ⋅ 22,342 ൌ 58,6	kN	
l ൌ 20,65 െ 6 ⋅ 0,4 ൌ 18,25	m	




req	t ൌ 3,21/1000,15 ൌ 0,21	cm	
 preliminary	design	shear	strength	










req	W ൌ 0,106 ⋅ 1000,8 ൌ 13,3	cm
ଷ/m	
req	t ൌ ඨ13,3 ⋅ 6100 ൌ 0,90	cm	
deformation	
limitation:	δ ൑ l/250	
δ ൑ 2/100 ⋅ 65
ସ
76,8 ⋅ 400 ⋅ I ൑ 65/250	
req	I ൌ 44,7	cmସ/m	
req	t ൌ ඨ44,7 ⋅ 12100
య ൌ 1,75	cm	
 preliminary	design	bending	strength	

















w ൌ െ1,2 ⋅ 1,044 ൌ െ1,25	kN/mଶ	
	
loads	on	one	carrier	
w୩ ൌ 0,6 ⋅ 1,25 ൌ 2,0	kN/m	
	
internal	forces	
max	M ൌ 2,0 ⋅ 3,195
ଶ
8 ൌ 2,55	kNm	
req	W୷ ൌ 255/0,5 ൌ 510	cmଷ	


























120/42 2 ⋅ 48,8
ൌ 97,6 kN
M20	bolt 13,2	kN 11	M20




















80/42 48,8 ൅ 17,3
ൌ 66,1 kN
M20	bolt 13,2	kN 5	M20	













4/1.2	 ‐	 530,9 kN M20	dowel 17,6	kN 2	x	10	M20	
൅	3	steel
plates	




5/3	 ‐	 0,19 kN/m Ø3	nails 0,32	kN 1	nail/m
joists/beam	










A ൌ 120 ⋅ 42 ൌ 5040	cmଶ	
required	space	per	bolt	M20	
A୰ୣ୯ ൌ 30 ⋅ dୠଶ ൌ 30 ⋅ 2,0ଶ ൌ 120	cmଶ	
max	n ൌ 5040120 ൌ 42	
	
loads	 	
F ൌ 2 ⋅ 48,8 ൌ 97,6	kN	  2	x	reaction	force	B	@	2.2	
check	 	
capacity	per	bolt	(double	shear)	
Fୠ ൌ 4,4 ⋅ dୠଶ ൌ 4,4 ⋅ 2,0ଶ ൌ 17,6	kN	
capacity	at	90°	to	the	grain	
Fୠᇱ ൌ ൬1 െ
90
360൰ ⋅ 17,6 ൌ 13,2	kN	














A ൌ 40 ⋅ 42 ൌ 1680	cmଶ	
required	space	per	screw	
A୰ୣ୯ ൌ 60 ⋅ dୱଶ ൌ 60 ⋅ 0,8ଶ
ൌ 38,4	cmଶ	





















Fୱ ൌ 5 ⋅ dୱଶ ൌ 5 ⋅ 0,8ଶ ൌ 3,2	kN	
req	n୴ ൌ 28,43,2 ൌ 9	
req	n୦ ൌ 30,43,2 ൌ 10 ൌ 5 ൅ 5	
selected	connectors	



















Fୢ ൌ 4,4 ⋅ 2ଶ ൌ 17,6	kN	
	
capacity	for	6	shear	planes	




b ൌ 40/4 ൌ 10	cm	and	should	not	be	
smaller	than	min b ൌ 5 ⋅ dୠ ൌ 5 ⋅ 2 ൌ
10 cm	




Fᇱୢ ൌ ൬1 െ 36360൰ ⋅ 52,8 ൌ 47,5	kN	
25	%	higher	capacity	with	steel	plates	
Fୢ ൌ 1,25 ⋅ 47,5 ൌ 59,4	kN	








F ൌ 530,93 ൌ 177	kN	
bୣ୤୤ ൌ 35,2 െ 3 ⋅ 2 ൌ 29	cm	
req	t ൌ 177/29/14 ൌ 0,44	cm	
selected	thickness	of	the	steel	plate	
t ൌ 6	mm	
 preliminary	 design	 strength	 of	 steel















F ൌ 5,25 ⋅ 0,65 ⋅ 1,15 ൌ 3,92	kN	
v ൌ 3,9220,65 ൌ 0,19	kN/m	
capacity	per	nail	Ø3,0	mm	
F୬ ൌ 3,5 ⋅ 0,3ଶ ൌ 0,32	kN	
req	n ൌ 0,190,32 ൌ 1	/m	
 spacing	of	the	secondary	beams	






















F୬ ൌ 3,5 ⋅ 0,34ଶ ൌ 0,4	kN	




































q୩ ൌ 2,0 ⋅ 0,6 ൌ 1,2	kN/m	
g୩ ൌ 1,2	kN/m	
 selected	spacing:	e ൌ 60	cm	
	
internal	forces	
max	Mଵ ൌ 2 ⋅ 1,2 ⋅ 5,15
ଶ
8 ൌ 7,96	kNm	




I୷ ൌ 18432 cmସ
W୷ ൌ 1536 cmଷ
deformation	
max	δ ൌ 2 ⋅ 1,2/100 ⋅ 515
ସ
76,8 ⋅ 1000 ⋅ 18432 ൌ 1,19	cm	
൏ l/250 ൌ 515/250 ൌ 2,06	cm	
max	reaction	forces	
A୥ ൌ 1,2 ⋅ 5,15/2 ൌ 3,1 kN	












q୩ ൌ 2,0 ⋅ 0,6 ൌ 1,2	kN/m	
g୩ ൌ 1,2	kN/m	










A୥ ൌ 1,2 ⋅ 4,215/2 ൌ 2,5	kN	












q୩ ൌ 2,0 ⋅ 0,6 ൌ 1,2	kN/m	
g୩ ൌ 1,2	kN/m	










A୯ ൌ 1,2 ⋅ 2,1/2 ൌ 1,3 kN	




















































storey	no	 M	 N	 b/h	 b/h	
‐	 [%]	 [%]	 [cm/cm]	 [cm/cm]	
0	 100,00	 100,00 20/20 28/28
1	 87,11	 93,33 20/20 28/28
2	 75,11	 86,67 20/20 28/28
3	 64,00	 80,00 20/20 28/28
4	 53,78	 73,33 20/20 28/28
5	 44,44	 66,67 16/16 24/24
6	 36,00	 60,00 16/16 24/24
7	 28,44	 53,33 16/16 24/24
8	 21,78	 46,67 16/16 24/24
9	 16,00	 40,00 16/16 24/24
10	 11,11	 33,33 16/8 20/20
11	 7,11	 26,67 16/8 20/20
12	 4,00	 20,00 16/8 20/20
13	 1,78	 13,33 16/8 20/20
14	 0,44	 6,67 16/8 20/20











g୩ ൌ 1 ⋅ 14 ⋅ 3,195 ൌ 44,7	kN/m	
floor	load	
	
p୩ ൌ 3,20,6 ⋅ 15 ൅
3,2
0,6 ⋅ ሺ1 ൅ 14 ⋅ 0,74ሻ
ൌ 136	kN/m	
total	vertical	load	(constant)	















max	n ൌ min	n ൌ 9,2	kN/m	
wind	from	the	right	side	
























stud	no	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	
max	force	
[kN]	
116	 295	 111	 275	 281	 230	 311	 292	 150	 222	 232	 78	
req	b	[cm]	 10	 26	 10	 25	 25	 21	 28	 26	 13	 20	 21	 7	
selected	b	
[cm]	










g୩ ൌ 1 ⋅ 14 ⋅ 3,195 ൌ 44,7	kN/m	
floor	load	
	
p୩ ൌ 2,50,6 ⋅ 15 ൅
2,5
0,6 ⋅ ሺ1 ൅ 14 ⋅ 0,74ሻ
ൌ 109,8	kN/m	
total	vertical	load	(constant)	
















max	n ൌ min	n ൌ 40	kN/m	
wind	from	the	right	side	




|w| ൌ 1,2 ⋅ 1,044 ൌ 1,25	kN/mଶ	
	
wind	pressure	per	stud	
|w| ൌ 1,15 ⋅ 1,25 ⋅ 0,61 ൌ 0,88	kN/m	


















W ൌ 3659 cmଷ
	
	
stud	no	 1	 2	 3	 4	 5	 6	
max	force	
[kN]	
139	 295	 145	 182	 258	 129	
req	b	[cm]	 12	 26	 13	 16	 23	 12	
selected	b	
[cm]	
28	 28	 28	 28	 28	 28	
	
stress	check	
σ ൌ 295784 ൅
112
3659 ൌ 0,38 ൅ 0,03 ൌ 0,41	kN/cm
ଶ	
















F୬ ൌ 3,5 ⋅ d୬ଶ ൌ 3,5 ⋅ 0,5ଶ ൌ 0,88	kN	
req	n ൌ 20,4/0,88 ൌ 23,3	/m	
selected	nails	
Ø5	mm	l ൌ 100 mm
e ൌ 8 cm in	2	rows
minimum	distances	(α ൌ 0°)	
	 between	nails	in	1	row	 aଵ ൌ 12 ⋅ 0,5 ൌ 6 cm ൏ 8 cm	
	 between	the	rows		 aଶ ൌ 5 ⋅ 0,5 ൌ 2,5	cm	
	 to	the	side	edges	 	 aସ ൌ 5 ⋅ 0,5 ൌ 2,5	cm	
	required	breadth	of	the	wooden	members	(studs	and	blocking)	










req	t ൌ 21,4/1000,15 ൌ 1,43	cm	
t ൌ 18	mm	
 preliminary	design	shear	strength	

























W୷ ൌ 960 cmଷ





l ൌ 9,275/4 ൌ 2,32	m	
	
loads	
g୩ ൌ 2,50,6 ൌ 4,17	kN/m	






max	Mଵ ൌ ሺ0,08 ൅ 0,101ሻ ⋅ 4,17 ⋅ 2,32ଶ ൌ 4,06	kNm	
req	W ൌ 4060,5 ൌ 812	cm
ଷ	
corresponding	moment	at	the	support:	
M୆ ൌ ሺെ0,1 െ 0,05ሻ ⋅ 4,17 ⋅ 2,32ଶ ൌ െ3,37	kNm	
max	moment	at	the	support	B	
	
max	M୆ ൌ ሺെ0,10 െ 0,117ሻ ⋅ 4,17 ⋅ 2,32ଶ ൌ െ4,87	kNm	






W୷ ൌ 960 cmଷ
I୷ ൌ 11520 cmସ
deformation	
max	δ ൌ 2 ⋅ 4,17/100 ⋅ 232
ସ
76,8 ⋅ 1000 ⋅ 11520	
൅ െ33716 ⋅ 1000 ⋅ 11520 ⋅ 232
ଶ	
ൌ 0,273 െ 0,098 ൌ 0,18	cm	










g୩ ൌ 2,50,6 ⋅ 15 ൌ 62,5	kN/m	







N ൌ 0,400 ⋅ 62,5 ⋅ 2,32 ൅ 0,45 ⋅ 47,3 ⋅ 2,32 ൌ 107,4	kN	
req	A ൌ 107,40,7 ⋅ 0,5 ൌ 306,9	cm
ଶ	
columns	B,	C	
N ൌ 1,100 ⋅ 62,5 ⋅ 2,32 ൅ 1,2 ⋅ 47,3 ⋅ 2,32 ൌ 291,2	kN	




2 ൈ b/h ൌ 16/28	
A ൌ 2 ⋅ 448	cmଶ	
columns	B,	C	
2 ൈ b/h ൌ 28/28












3/3	 ‐	 134,7	kN M20	
dowels
22,0	kN * 2 ൈ 7	M20 ൅	
steel	plate
floor	joists/floor	beam
1/2	 16/24 6,2	kN	ሺvሻ screws	Ø8 3,2	kN 3	Ø8	
floor	beam/studs	









































Fୢ ൌ 4,4 ⋅ 2ଶ ൌ 17,6	kN	
25	%	higher	capacity	with	steel	plates	
Fୢ ൌ 1,25 ⋅ 17,6 ൌ 22,0	kN	
	








F ൌ 6,2	kN	  reaction	force	A	@	1.1	
internal	forces	
force	in	the	screws	at	an	angle	of	45°	
S ൌ 6,2sin 45 ൌ 8,77	kN	
check	
capacity	per	screw	
Fୱ ൌ 5 ⋅ dୱଶ ൌ 5 ⋅ 0,8ଶ ൌ 3,2	kN	
	
req	n ൌ 8,773,2 ൌ 3	
	
required	space	
req	A ൌ 3 ⋅ 60 ⋅ 0,8ଶ ൌ 115,2	cmଶ	
	
available	space	















Fୢ ൌ 2 ⋅ dଶୢ ൌ 2 ⋅ 2ଶ ൌ 8	kN	
at	90°	to	the	grain	for	the	floor	beam	
Fᇱୢ ൌ ൬1 െ 90360൰ ⋅ 8 ൌ 6	kN	
	
req n ൌ 15,56 ൌ 3	
required	space	





A ൌ 24 ⋅ 20 ൌ 480	cmଶ	
 floor	beam:	14/24	






































ൌ 19 ൅ 44 ൅ 19 ൅ 44 ൅ 19
	
max	reaction	forces	
A୥ ൌ 0,375 ⋅ 2,0 ⋅ 4,30 ൌ 3,2	kN/m	
A୯ ൌ 0,438 ⋅ 2,0 ⋅ 4,30 ൌ 3,8	kN/m	
A ൌ 7,0	kN/m	
	
B୥ ൌ 1,25 ⋅ 2,0 ⋅ 4,3 ൌ 10,75	kN/m	





req	t ൌ 6,99/1000,15 ൌ 0,47	cm	
middle	wall	support	
















t ൌ 170 mm
ൌ 19 ൅ 31,5 ൅ 19 ൅ 31,5 ൅ 19 ൅ 31,5 ൅ 19
max	reaction	forces	
A୥ ൌ 2,0 ⋅ 4,30/2 ൌ 4,3 kN/m	


























A ൌ 2,0 ⋅ 2,1/2 ൌ 2,1	kN/m	


































storey	no	 M	 N	 t	 t	 t	
‐	 [%]	 [%]	 [mm]	 [mm]	 [mm]	
0	 100,00	 100,00 95 120 259	
1	 87,11	 93,33 95 120 259	
2	 75,11	 86,67 95 120 259	
3	 64,00	 80,00 95 120 259	
4	 53,78	 73,33 95 120 259	
5	 44,44	 66,67 95 95 170	
6	 36,00	 60,00 95 95 170	
7	 28,44	 53,33 95 95 170	
8	 21,78	 46,67 95 95 170	
9	 16,00	 40,00 95 95 170	
10	 11,11	 33,33 95 95 95	
11	 7,11	 26,67 95 95 95	
12	 4,00	 20,00 95 95 95	
13	 1,78	 13,33 95 95 95	
14	 0,44	 6,67 95 95 95	



















k ൌ 20,655,125 ൅ 1,1 ൅ 2,6 ൅ 1,1 ൅ 5,125 ൌ 1,37	
length	of	influence	
lୣ ൎ 4,382 ൌ 2,19	m	
g ൌ 1,37 ⋅ 2 ⋅ 2,19 ൌ 6,01	kN/m	
q ൌ 1,37 ⋅ 2 ⋅ 2,19 ൌ 6,01	kN/m	
over	15	storeys	
g ൌ 15 ⋅ 6,01 ൌ 90,15	kN/m	
q ൌ 15 ⋅ 0,74 ⋅ 6,01 ൌ 66,71	kN/m	
total	vertical	load	(constant)	


















n ൌ െ204,8 െ 133,4 ൌ െ338,2	kN/m	
req	t ൌ 338,2/1000,7 ⋅ 0,5 ൌ 9,66	cm	
 factor	0,7	to	account	for	buckling	
bending	moment	due	to	wind	




A ൌ 100 ⋅ 9,5 ൌ 950	cmଶ/m	







σ ൌ 338,2950 ൅
107
1504 ൌ 0,36 ൅ 0,07
ൌ 0,43	kN/cmଶ	



























capacity	 per	 dowel	 M20	 (double	 shear	 with
steel	plate)	
Fୢ ൌ 1,25 ⋅ 4,4 ⋅ 2ଶ ൌ 22	kN	






































































































































































load	case	 description	 symbol duration	
LC1	 self‐weight	 G permanent	
LC2	 snow	 S short‐term	
LC3/4	 wind	 W instantaneous	





CO1	 Eୢ ൌ 1,2 ⋅ G	 permanent	
CO2	 Eୢ ൌ 1,2 ⋅ G ൅ 1,5 ⋅ Q	 medium‐term	
CO3	 Eୢ ൌ 1,2 ⋅ G ൅ 1,5 ⋅ S ൅ 1,5 ⋅ 0,7 ⋅ Q short‐term	
CO4	 Eୢ ൌ 1,2 ⋅ G ൅ 1,5 ⋅ Q ൅ 1,5 ⋅ 0,7 ⋅ S short‐term	
CO5/6	 Eୢ ൌ 1,2 ⋅ G ൅ 1,5 ⋅ W ൅ 1,5 ⋅ 0,7 ⋅ S ൅ 1,5 ⋅ 0,7 ⋅ Q instantaneous	
CO7/8	 Eୢ ൌ 1,2 ⋅ G ൅ 1,5 ⋅ Q ൅ 1,5 ⋅ 0,7 ⋅ S ൅ 1,5 ⋅ 0,6 ⋅ W instantaneous	
CO9/10	 Eୢ ൌ 1,2 ⋅ G ൅ 1,5 ⋅ S ൅ 1,5 ⋅ 0,6 ⋅ W ൅ 1,5 ⋅ 0,7 ⋅ Q instantaneous	














glulam,	CLT,	plywood permanent 0,6 0,6 0,5	
medium‐term 0,8 0,8 0,65	
short‐term 0,9 0,9 0,7	





glulam,	CLT	 0,6	 0,8 2,0	
























































g୩ ൌ 1,65 ⋅ 0,65 ൌ 1,07 kN/m	
s୩ ൌ 3,8 ⋅ 0,65 ൌ 2,47 kN/m	
	
w ൌ 0,2 ⋅ 1,044 ൌ 0,21 kN/mଶ	
qሺHሻ ൌ 0,75	kN/mଶ	
	
w୩ ൌ 0,21 ⋅ 0,65 ൌ 0,14 kN/m	
q୩ ൌ 0,75 ⋅ 0,65 ൌ 0,49 kN/m	
Q୩ ൌ 1,5 kN	
ULS	CO3	
k୫୭ୢ ൌ 0,9	
pୢ ൌ 1,20 ⋅ 1,07 ൅ 1,50 ⋅ 2,47 ൌ 4,99	kN/m	
	
Qୢ ൌ 1,50 ⋅ 0,70 ⋅ 1,5 ൌ 1,58	kN	
Mୢ ൌ 0,125 ⋅ 4,99 ⋅ 4,64ଶ ൅ 0,250 ⋅ 1,58 ⋅ 4,64
ൌ 15,26	kNm	
σ୫ୢ ൌ 15261344 ൌ 1,14	kN/cm
ଶ	





η ൌ 1,141,88 ൌ 0,60 ൏ 1,0	




τୢ ൌ 1,5 ⋅ 13,160,67 ⋅ 336 ൌ 0,088	kN/cm
ଶ	
f୴ୢ ൌ 0,9 ⋅ 0,351,15 ൌ 0,27	kN/cm
ଶ	
η ൌ 0,0880,27 ൌ 0,32 ൏ 1,0	






76,8 ⋅ 1150 ⋅ 16128 ൌ 0,349 cm	
w୧୬ୱ୲,ୱ ൌ 0,804	cm	
w୧୬ୱ୲,୵ ൌ 0,044	cm	
w୧୬ୱ୲,୕ ൌ 1,5 ⋅ 464
ଷ
48 ⋅ 1150 ⋅ 16128 ൌ 0,168	cm	






ൌ 0,349 ൅ 0,804 ൅ 0,6 ⋅ 0,044 ൅ 0,7 ⋅ 0,168
ൌ 1,30	cm	
max	w୧୬ୱ୲ ൌ 464300 ൌ 1,55	cm	
η ൌ 1,301,55 ൌ 0,84 ൏ 1,0	
characteristic	combination	acc.	to	EC5‐1‐1	
2.2.3(2):	





ൌ 0,349 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,804 ⋅ ሺ1 ൅ 0,2 ⋅ 0,6ሻ
൅ 0,044 ⋅ ሺ0,6 ൅ 0 ⋅ 0,6ሻ ൅ 0,168
⋅ ሺ0,7 ൅ 0,3 ⋅ 0,6ሻ ൌ 1,63	cm	
max	w୤୧୬ ൌ 464150 ൌ 3,09	cm	
η ൌ 1,633,09 ൌ 0,53 ൏ 1,0	
simplified	approach	acc.	to	EC5‐1‐1	2.2.3(5):	
w୤୧୬ ൌ w୤୧୬,ୋ ൅ w୤୧୬,୕,ଵ ൅෍w୤୧୬,୕,୧
୧வଵ
	
w୤୧୬,ୋ ൌ w୧୬ୱ୲,ୋሺ1 ൅ kୢୣ୤ሻ	
w୤୧୬,୕,ଵ ൌ w୧୬ୱ୲,୕,ଵሺ1 ൅ ψଶ,ଵkୢୣ୤ሻ	
w୤୧୬,୕,୧ ൌ w୧୬ୱ୲,୕,୧ሺψ଴,୧ ൅ ψଶ,୧kୢୣ୤ሻ	
max	reaction	forces	
A୥୩ ൌ 0,500 ⋅ 1,07 ⋅ 4,64 ൌ 2,49	kN	
Aୱ୩ ൌ 0,500 ⋅ 2,47 ⋅ 4,64 ൌ 5,73	kN	
A୵୩ ൌ 0,500 ⋅ 0,14 ⋅ 4,64 ൌ 0,31	kN	




























q୩ ൌ 2,5 ⋅ 0,65 ൌ 1,63 kN/m	
Q୩ ൌ 2 kN	
ULS	CO2	
k୫୭ୢ ൌ 0,8	
pୢ ൌ 1,20 ⋅ 0,87 ൌ 1,05	kN/m	
qୢ ൌ 1,5 ⋅ 1,63 ൌ 2,44	kN/m	
Mୢ ൌ 0,125 ⋅ ሺ1,05 ൅ 2,44ሻ ⋅ 4,64ଶ ൌ 9,37	kNm	
σ୫ୢ ൌ 9371344 ൌ 0,70	kN/cm
ଶ	
f୫ୢ ൌ 0,8 ⋅ 2,41,15 ൌ 1,67 kN/cm
ଶ	
	
η ൌ 0,701,67 ൌ 0,42 ൏ 1,0	






τୢ ൌ 1,5 ⋅ 8,080,67 ⋅ 336 ൌ 0,054	kN/cm
ଶ	
f୴ୢ ൌ 0,8 ⋅ 0,351,15 ൌ 0,24	kN/cm
ଶ	










w୧୬ୱ୲ ൌ 0,283 ൅ 0,529 ൅ 0 ൅ 0 ൌ 0,81	cm	
max	w୧୬ୱ୲ ൌ 464300 ൌ 1,55	cm	
η ൌ 0,811,55 ൌ 0,53 ൏ 1,0	
final	deformation	
w୤୧୬ ൌ 0,283 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,529 ⋅ ሺ1 ൅ 0,3 ⋅ 0,6ሻ ൅ 0 ൅ 0 ൌ 1,08	cm	
max	w୤୧୬ ൌ 464150 ൌ 3,09	cm	
η ൌ 1,083,09 ൌ 0,35 ൏ 1,0	
max	reaction	forces	
A୥୩ ൌ 0,500 ⋅ 0,87 ⋅ 4,64 ൌ 2,02	kN	
Aୱ୩ ൌ 0	
A୵୩ ൌ 0	


























g୩ ൌ 2,490,65 ൅ 3,7 ⋅ 0,16 ⋅ 0,42 ൌ 4,08	kN/m	
s୩ ൌ 5,730,65 ൌ 8,82	kN/m	
w୩ ൌ 0,310,65 ൌ 0,48	kN/m	



































pୢ ൌ 1,20 ⋅ 4,08 ൅ 1,50 ⋅ 8,82 ൌ 18,12	kN/m	
qୢ ൌ 1,5 ⋅ 0,7 ⋅ 1,74 ൌ 1,83	kN/m	
	
Mୢ ൌ 1,884 ⋅ 18,12 ൅ 2,457 ⋅ 1,83 ൌ 38,66 kNm
σ୫ୢ ൌ 38664704 ൌ 0,82	kN/cm
ଶ	
f୫ୢ ൌ 0,9 ⋅ 2,41,15 ൌ 1,88 kN/cm
ଶ	
	
η ൌ 0,821,88 ൌ 0,44 ൏ 1,0	
Vୢ ൌ 2,572 ⋅ 18,12 ൅ 2,871 ⋅ 1,83 ൌ 51,86	kN	
τୢ ൌ 1,5 ⋅ 51,860,67 ⋅ 672 ൌ 0,17	kN/cm
ଶ	
f୴ୢ ൌ 0,9 ⋅ 0,351,15 ൌ 0,27	kN/cm
ଶ	





w୧୬ୱ୲,୥ ൌ 4,08 ⋅ 0,0254 ൌ 0,104	cm	
w୧୬ୱ୲,ୱ ൌ 8,82 ⋅ 0,0254 ൌ 0,224	cm	




w୧୬ୱ୲,୯ ൌ 1,74 ⋅ 0,0435 ൌ 0,076	cm	
instantaneous	deformation	
w୧୬ୱ୲
ൌ 0,104 ൅ 0,224 ൅ 0,6 ⋅ 0,012 ൅ 0,7 ⋅ 0,076
ൌ 0,39	cm	
max	w୧୬ୱ୲ ൌ 515300 ൌ 1,72	cm	
η ൌ 0,391,72 ൌ 0,23 ൏ 1,0	
final	deformation	
w୤୧୬
ൌ 0,104 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,224 ⋅ ሺ1 ൅ 0,2 ⋅ 0,6ሻ
൅ 0,012 ⋅ ሺ0,6 ൅ 0 ⋅ 0,6ሻ ൅ 0,076 ⋅ ሺ0,7 ൅ 0,3
⋅ 0,6ሻ ൌ 0,49	cm	
max	w୤୧୬ ൌ 515150 ൌ 3,43	cm	
η ൌ 0,493,43 ൌ 0,14 ൏ 1,0	
max	reaction	forces	
A୥୩ ൌ 4,08 ⋅ 1,768 ൌ 7,21	kN	
Aୱ୩ ൌ 8,82 ⋅ 1,768 ൌ 15,59	kN	
A୵୩ ൌ 0,48 ⋅ 1,768 ൌ 0,86	kN	
A୯୩ ൌ 1,74 ⋅ 1,892 ൌ 3,29	kN	
B୥୩ ൌ 4,08 ⋅ 4,714 ൌ 19,22	kN	
Bୱ୩ ൌ 8,82 ⋅ 4,714 ൌ 41,56	kN	
B୵୩ ൌ 0,48 ⋅ 4,714 ൌ 2,28	kN	
B୯୩ ൌ 1,74 ⋅ 5,268 ൌ 9,17	kN	
C୥୩ ൌ 4,08 ⋅ 4,691 ൌ 19,12	kN	
Cୱ୩ ൌ 8,82 ⋅ 4,691 ൌ 41,36	kN	
C୵୩ ൌ 0,48 ⋅ 4,691 ൌ 2,27	kN	
C୯୩ ൌ 1,74 ⋅ 5,446 ൌ 9,48	kN	
	
max	internal	forces	
V୆୪,୥୩ ൌ 2,612 ⋅ 4,08 ൌ 10,65	kN	
V୆୪,ୱ୩ ൌ 2,612 ⋅ 8,82 ൌ 23,03	kN	
V୆୪,୵୩ ൌ 2,612 ⋅ 0,48 ൌ 1,27	kN	






















g୩ ൌ 2,020,65 ൅ 3,7 ⋅ 0,16 ⋅ 0,42 ൌ 3,36	kN/m	
s୩ ൌ 0	
w୩ ൌ 0	










qୢ ൌ 1,5 ⋅ 5,8 ൌ 8,7	kN/m	
Mୢ ൌ 1,884 ⋅ 4,03 ൅ 2,457 ⋅ 8,7 ൌ 29,0 kNm	
σ୫ୢ ൌ 29004704 ൌ 0,62	kN/cm
ଶ	
f୫ୢ ൌ 0,8 ⋅ 2,41,15 ൌ 1,67 kN/cm
ଶ	
η ൌ 0,621,67 ൌ 0,37 ൏ 1,0	
Vୢ ൌ 2,572 ⋅ 4,03 ൅ 2,871 ⋅ 8,7 ൌ 35,34	kN	
τୢ ൌ 1,5 ⋅ 35,340,67 ⋅ 672 ൌ 0,12	kN/cm
ଶ	
f୴ୢ ൌ 0,8 ⋅ 0,351,15 ൌ 0,24	kN/cm
ଶ	





w୧୬ୱ୲,୥ ൌ 3,36 ⋅ 0,0254 ൌ 0,085	cm	
w୧୬ୱ୲,ୱ ൌ 0	
w୧୬ୱ୲,୵ ൌ 0	
w୧୬ୱ୲,୯ ൌ 5,8 ⋅ 0,0435 ൌ 0,252	cm	
instantaneous	deformation	
w୧୬ୱ୲ ൌ 0,085 ൅ 0,252 ൅ 0 ൅ 0 ൌ 0,34	cm	
max	w୧୬ୱ୲ ൌ 515300 ൌ 1,72	cm	
η ൌ 0,341,72 ൌ 0,20 ൏ 1,0	
final	deformation	
w୤୧୬
ൌ 0,085 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,252 ⋅ ሺ1 ൅ 0,3 ⋅ 0,6ሻ
൅ 0 ൅ 0 ൌ 0,434	cm	
max	w୤୧୬ ൌ 515150 ൌ 3,43	cm	
η ൌ 0,433,43 ൌ 0,13 ൏ 1,0	
	
max	reaction	forces	






A୯୩ ൌ 5,8 ⋅ 1,892 ൌ 10,97	kN	
B୥୩ ൌ 3,36 ⋅ 4,714 ൌ 15,83	kN	
Bୱ୩ ൌ 0	
B୵୩ ൌ 0	
B୯୩ ൌ 5,8 ⋅ 5,268 ൌ 30,55	kN	
C୥୩ ൌ 3,36 ⋅ 4,691 ൌ 15,75	kN	
Cୱ୩ ൌ 0	
C୵୩ ൌ 0	





















max	wୣሺD ൅ Eሻ ൌ 1,044 ⋅ ሺ0,8 ൅ 0,57ሻ
ൌ 1,43	kN/mଶ	
w୩ ൌ 1,15 ⋅ 1,43 ⋅ 3,195 ൌ 5,25	kN/m	






|P୲| ൌ |Pୡ| ൌ 5,25 ⋅ 22,34
ଶ
8 /20,65 ൌ 15,9	kN	
























i୷ ൌ 42√12 ൌ 12,1	cm	
I୸ ൌ 14336	cmସ	
W୸ ൌ 1792	cmଷ	
i୸ ൌ 16√12 ൌ 4,6	cm	
i ൌ h√12	























w ൌ 0,8 ⋅ 1,044 ൌ 0,84 kN/mଶ	
Nୡ,୵୩ ൌ 15,9	kN	
q୩ ൌ 0	










pୢ ൌ 1,20 ⋅ 2,09 ൅ 0 ൌ 2,50	kN/m	
wୢ ൌ 1,50 ⋅ 3,07 ൌ 4,60	kN/m	
Nୡୢ ൌ 1,50 ⋅ 15,9 ൌ 23,85	kN	
qୢ ൌ 0	




σ୫୷ୢ ൌ 472474 ൌ 0,10	kN/cm
ଶ	
M୸ୢ ൌ 1,884 ⋅ 4,60 ൌ 8,68	kNm	
σ୫୸ୢ ൌ 8681792 ൌ 0,48	kN/cm
ଶ	
σୡୢ ൌ 23,85672 ൌ 0,035	kN/cm
ଶ	
f୫ୢ ൌ 1,1 ⋅ 2,41,15 ൌ 2,30	kN/cm
ଶ	




σ୫,ୡ୰୧୲ ൌ π ⋅ √960 ⋅ 14336 ⋅ 54 ⋅ 24084515 ⋅ 4704
ൌ 5,49	kN/cmଶ	
λ୰ୣ୪,୫ ൌ ඨ 2,45,49 ൌ 0,66 ൑ 0,75	
kୡ୰୧୲ ൌ 1,0	
flexural	buckling	
λ୷ ൌ 51512,1 ൌ 42,6	
λ୰ୣ୪,୷ ൌ 42,6π ⋅ ඨ
24
9600 ൌ 0,677	
k୷ ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ0,677 െ 0,3ሻ ൅ 0,677ଶሻ
ൌ 0,748	
kୡ,୷ ൌ 10,748 ൅ ඥ0,748ଶ െ 0,677ଶ ൌ 0,938	
λ୸ ൌ 5154,6 ൌ 112,0	
λ୰ୣ୪,୸ ൌ 112π ⋅ ඨ
24
9600 ൌ 1,78	
k୸ ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ1,78 െ 0,3ሻ ൅ 1,78ଶሻ
ൌ 2,16	
kୡ,୸ ൌ 12,16 ൅ ඥ2,16ଶ െ 1,78ଶ ൌ 0,296	
a)	Frame	Construction	
Eurocode	Design	‐	Lucas	Bienert	 	 28	
ηଵ ൌ 0,0350,938 ⋅ 2,30 ൅
0,10










൅ 0,482,30 ൌ 0,27
൏ 1,0	
V୸ୢ ൌ 2,572 ⋅ 2,50 ൅ 0 ൌ 6,54	kN	
τ୸ୢ ൌ 1,5 ⋅ 6,540,67 ⋅ 672 ൌ 0,022	kN/cm
ଶ	
V୷ୢ ൌ 2,572 ⋅ 4,60 ൌ 12,02	kN	
τ୷ୢ ൌ 1,5 ⋅ 12,020,67 ⋅ 672 ൌ 0,040	kN/cm
ଶ	




0,33 ൌ 0,14 ൏ 1,0	
σୡୢ
kୡ,୷ ⋅ fୡୢ ൅
σ୫୷ୢ











൅ σ୫୸ୢf୫ୢ ൑ 1	
cf.	[2,	9.33]	
SLS	CO9/10	
w୧୬ୱ୲,୸,୥ ൌ 2,09 ⋅ 0,0254 ൌ 0,053	cm	
w୧୬ୱ୲,୸,ୱ ൌ 0	
w୧୬ୱ୲,୷,୵ ൌ 3,07 ⋅ 0,1751 ൌ 0,537	cm	
w୧୬ୱ୲,୸,୯ ൌ 0	
instantaneous	deformation	
w୸,୧୬ୱ୲ ൌ 0,053 ൅ 0 ൅ 0 ൌ 0,053	cm	
w୷.୧୬ୱ୲ ൌ 0,537	cm	
w୧୬ୱ୲ ൌ ඥ0,053ଶ ൅ 0,537ଶ ൌ 0,54	cm	
max	w୧୬ୱ୲ ൌ 515300 ൌ 1,72	cm	
η ൌ 0,541,72 ൌ 0,31 ൏ 1,0	
final	deformation	
w୸,୤୧୬ ൌ 0,053 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0 ൅ 0 ൌ 0,085	cm	
w୷,୤୧୬ ൌ 0,537 ⋅ ሺ1 ൅ 0ሻ ൌ 0,537	cm	
w୤୧୬ ൌ ඥ0,085ଶ ൅ 0,537ଶ ൌ 0,54	cm	
max	w୤୧୬ ൌ 515150 ൌ 3,43	cm	













i୷ ൌ 42√12 ൌ 12,1	cm	
I୸ ൌ 14336	cmସ	
W୸ ൌ 1792	cmଷ	
i୸ ൌ 16√12 ൌ 4,6	cm	






















wሺAሻ ൌ 1,2 ⋅ 1,044 ൌ 1,25	kN/mଶ	
wሺBሻ ൌ 0,8 ⋅ 1,044 ൌ 0,84	kN/mଶ	
Nୡ,୵୩ ൌ 243,2	kN	
q୩ ൌ 0	
w୩ሺAሻ ൌ 1,15 ⋅ 3,195 ⋅ 1,25 ൌ 4,60	kN/mଶ	



















pୢ ൌ 1,20 ⋅ 2,09 ൅ 0 ൌ 2,50	kN/m	
wୢሺAሻ ൌ 1,50 ⋅ 4,60 ൌ 6,90	kN/m	
wୢሺBሻ ൌ 1,50 ⋅ 3,07 ൌ 4,60	kN/m	
Nୡୢ ൌ 1,50 ⋅ 243,2 ൌ 364,8	kN	
qୢ ൌ 0	
M୷ୢ ൌ 2,442 ⋅ 2,50 ൅ 0 ൌ 6,11	kNm	
σ୫୷ୢ ൌ 611474 ൌ 0,13	kN/cm
ଶ	
M୸ୢ ൌ 14,59	kNm	
σ୫୸ୢ ൌ 14591792 ൌ 0,81	kN/cm
ଶ	
σୡୢ ൌ 364,8672 ൌ 0,54	kN/cm
ଶ	
f୫ୢ ൌ 1,1 ⋅ 2,41,15 ൌ 2,30	kN/cm
ଶ	







σ୫,ୡ୰୧୲ ൌ π ⋅ √960 ⋅ 14336 ⋅ 54 ⋅ 24084464 ⋅ 4704
ൌ 6,09	kN/cmଶ	
λ୰ୣ୪,୫ ൌ ඨ 2,46,09 ൌ 0,63 ൑ 0,75	
kୡ୰୧୲ ൌ 1,0	
flexural	buckling	
λ୷ ൌ 46412,1 ൌ 38,3	
λ୰ୣ୪,୷ ൌ 38,3π ⋅ ඨ
24
9600 ൌ 0,61	
k୷ ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ0,61 െ 0,3ሻ ൅ 0,61ଶሻ
ൌ 0,702	
kୡ,୷ ൌ 10,702 ൅ ඥ0,702ଶ െ 0,61ଶ ൌ 0,953	
λ୸ ൌ 4644,6 ൌ 100,9	
λ୰ୣ୪,୸ ൌ 100,9π ⋅ ඨ
24
9600 ൌ 1,61	
k୸ ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ1,61 െ 0,3ሻ ൅ 1,61ଶሻ
ൌ 1,86	
kୡ,୸ ൌ 11,86 ൅ ඥ1,86ଶ െ 1,61ଶ ൌ 0,358	
ηଵ ൌ 0,540,953 ⋅ 2,30 ൅
0,13










൅ 0,812,30 ൌ 1,01
ൎ 1,0	
V୸ୢ ൌ 2,727 ⋅ 2,50 ൅ 0 ൌ 6,82	kN	
τ୸ୢ ൌ 1,5 ⋅ 6,820,67 ⋅ 672 ൌ 0,024	kN/cm
ଶ	
V୷ୢ ൌ 19,16	kN	
τ୷ୢ ൌ 1,5 ⋅ 19,160,67 ⋅ 672 ൌ 0,065	kN/cm
ଶ	







0,33 ൌ 0,21 ൏ 1,0	
SLS	CO5/6	





w୸,୧୬ୱ୲ ൌ 0,053 ൅ 0 ൅ 0 ൌ 0,053	cm	
w୷.୧୬ୱ୲ ൌ 1,353	cm	
w୧୬ୱ୲ ൌ ඥ0,053ଶ ൅ 1,353ଶ ൌ 1,35	cm	
max	w୧୬ୱ୲ ൌ 464300 ൌ 1,55	cm	
η ൌ 1,351,55 ൌ 0,88 ൏ 1,0	
final	deformation	
w୸,୤୧୬ ൌ 0,053 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0 ൅ 0 ൌ 0,085	cm	
w୷,୤୧୬ ൌ 1,353 ⋅ ሺ1 ൅ 0ሻ ൌ 0,537	cm	
w୤୧୬ ൌ ඥ0,085ଶ ൅ 1,353ଶ ൌ 1,36	cm	
max	w୤୧୬ ൌ 464150 ൌ 3,09	cm	


























I୷ ൌ I୸ ൌ 213333	cmସ	







g୩ ൌ 3,7 ⋅ 0,4 ⋅ 0,4 ൌ 0,592	kN/m	  self‐weight	of	the	column	
N୥୩ ൌ 2 ⋅ 19,22 ൅ 14 ⋅ 2 ⋅ 15,83 ൌ 481,6 kN	
s୩ ൌ 0	
Nୱ୩ ൌ 2 ⋅ 41,56 ൌ 83,12	kN	
w୩ ൌ 0	
N୵୩ ൌ 2 ⋅ 2,28 ൌ 4,57	kN	
q୩ ൌ 0	







gୢ ൌ 1,2 ⋅ 0,592 ൌ 0,71 kN/m	
	
Nୡୢ
ൌ 1,2 ⋅ 481,6 ൅ 0,71 ⋅ 16 ⋅ 3,195 ൅ 1,5 ⋅ 651,4
ൌ 1591,4	kN	
σୡୢ ൌ 1591,41600 ൌ 0,99	kN/cm
ଶ	
fୡୢ ൌ 0,8 ⋅ 2,41,15 ൌ 1,67	kN/cm
ଶ	
flexural	buckling	





λ୰ୣ୪ ൌ 27,8π ⋅ ඨ
24
9600 ൌ 0,44	
k ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ0,44 െ 0,3ሻ ൅ 0,44ଶሻ
ൌ 0,604	
kୡ ൌ 10,604 ൅ ඥ0,604ଶ െ 0,44ଶ ൌ 0,983	









I୷ ൌ I୸ ൌ 213333	cmସ	







g୩ ൌ 3,7 ⋅ 0,4 ⋅ 0,4 ൌ 0,592	kN/m	
	













gୢ ൌ 1,2 ⋅ 0,592 ൌ 0,71	kN/m	
Nୡୢ
ൌ 1,2 ⋅ 347,3 ൅ 0,71 ⋅ 16 ⋅ 3,195 ൅ 1,5 ⋅ 839,1
൅ 1,5 ⋅ 0,7 ⋅ 41,36 ൅ 1,5 ⋅ 0,7 ⋅ 336,7
ൌ 2108,7	kN	
σୡୢ ൌ 2108,71600 ൌ 1,32	kN/cm
ଶ	






λ ൌ 319,511,5 ൌ 27,8	
λ୰ୣ୪ ൌ 27,8π ⋅ ඨ
24
9600 ൌ 0,44	
k ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ0,44 െ 0,3ሻ ൅ 0,44ଶሻ
ൌ 0,604	
kୡ ൌ 10,604 ൅ ඥ0,604ଶ െ 0,44ଶ ൌ 0,983	





Although	 the	 tensile	 forces	 in	 the	diagonals	are	slightly	higher,	 compression	becomes	decisive	
because	of	the	flexural	buckling.	
system	




I୷ ൌ I୸ ൌ 213333	cmସ	
















Nୡୢ ൌ 1,5 ⋅ 512,2 ൌ 768,3	kN	
σୡୢ ൌ 768,31600 ൌ 0,48	kN/cm
ଶ	
fୡୢ ൌ 1,1 ⋅ 2,41,15 ൌ 2,30	kN/cm
ଶ	
flexural	buckling	
λ ൌ 79011,5 ൌ 68,7	






k ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ1,09 െ 0,3ሻ ൅ 1,09ଶሻ
ൌ 1,14	
kୡ ൌ 11,14 ൅ ඥ1,14ଶ െ 1,09ଶ ൌ 0,678	




































l ൌ 20,65 െ 6 ⋅ 0,4 ൌ 18,25	m	
v ൌ 58,618,25 ൌ 3,21	kN/m	
q୩ሺAሻ ൌ 2,5	kN/mଶ	
 the	 shear	 force	 is	 distributed	 over	 the	
whole	length	of	the	building,	the	columns	




gୢ ൌ 1,20 ⋅ 1,34 ൌ 1,61	kN/mଶ	
qୢ ൌ 1,5 ⋅ 2,5 ൌ 3,75	kN/mଶ	
Mୢ ൏ 0,125 ⋅ ሺ1,61 ൅ 3,75ሻ ⋅ 0,65ଶ
ൌ 0,28	kNm/m	
Mୖୢ ൌ 0,8 ⋅ 1200/10001,15 ൌ 0,83	kNm/m	













76,8 ⋅ 4320/10 ൌ 0,135	cm	
instantaneous	deformation	




max	w୧୬ୱ୲ ൌ 65300 ൌ 0,22 cm	
η ൌ 0,210,22 ൌ 0,95 ൏ 1,0	
final	deformation	
w୤୧୬
ൌ 0,072 ⋅ ሺ1 ൅ 0,8ሻ ൅ 0,135 ⋅ ሺ1 ൅ 0,3 ⋅ 0,8ሻ
൅ 0 ൅ 0 ൌ 0,30	cm	
max	w୤୧୬ ൌ 65150 ൌ 0,43	cm	

























w ൌ 1,2 ⋅ 1,044 ൌ 1,25 kN/mଶ	 w୩ ൌ 1,25 ⋅ 0,6 ൌ 0,75 kN/m	
ULS	CO5/6	
k୫୭ୢ ൌ 1,1	
wୢ ൌ 1,50 ⋅ 0,75 ൌ 1,13	kN/m	
Mୢ ൌ 0,125 ⋅ 1,13 ⋅ 3,195ଶ ൌ 1,44	kNm	
σ୫ୢ ൌ 144256 ൌ 0,56	kN/cm
ଶ	
f୫ୢ ൌ 1,1 ⋅ 2,41,15 ൌ 2,30 kN/cm
ଶ	
	
η ൌ 0,562,30 ൌ 0,24 ൏ 1,0	
Vୢ ൌ 0,500 ⋅ 1,13 ⋅ 3,195 ൌ 1,80	kN	
τୢ ൌ 1,5 ⋅ 1,800,67 ⋅ 96 ൌ 0,042	kN/cm
ଶ	


















max	w୧୬ୱ୲ ൌ 319,5300 ൌ 1,07	cm	
η ൌ 0,4331,07 ൌ 0,41 ൏ 1,0	
final	deformation	
w୤୧୬ ൌ 0,433 ⋅ ሺ1 ൅ 0 ⋅ 0,6ሻ ൌ 0,433	cm	
max	w୤୧୬ ൌ 319,5150 ൌ 2,13	cm	






















aଵ ൌ ሺ4 ൅ cos 90ሻ ⋅ 2,0 ൌ 8	cm	
aଶ ൌ 4 ⋅ 2,0 ൌ 8	cm	
aସ୲ ൌ max൫ሺ2 ൅ 2 sin 90ሻ ⋅ 2,0 ൌ 8	; 3 ⋅ 2,0 ൌ 6൯
ൌ 8	cm	
aସୡ ൌ 3 ⋅ 2,0 ൌ 6	cm	
column	
aଵ ൌ ሺ4 ൅ cos 0ሻ ⋅ 2,0 ൌ 10	cm	
aଶ ൌ 4 ⋅ 2,0 ൌ 8	cm	





M୷,ୖ୩ ൌ 0,3 ⋅ 400 ⋅ 20ଶ,଺/1000 ൌ 289,6 Nm	
beam	(member	1)	
f୦,଴,୩ ൌ 0,082 ⋅ ሺ1 െ 0,01 ⋅ 20ሻ ⋅ 385
ൌ 25,26	N/mmଶ	
kଽ଴ ൌ 1,35 ൅ 0,015 ⋅ 20 ൌ 1,65	
f୦,ଽ଴,୩ ൌ 25,261,65 ⋅ sinଶ 90 ൅ cosଶ 90 ൌ 15,3	N/mm
ଶ
column	(member	2)	
f୦,଴,୩ ൌ 0,082 ⋅ ሺ1 െ 0,01 ⋅ 20ሻ ⋅ 385
ൌ 25,26	N/mmଶ	
β ൌ 25,2615,3 ൌ 1,65	
F୴,ୖ୩
ൌ 1,15 ⋅ ඨ 2 ⋅ 1,651 ൅ 1,65
⋅ ඥ2 ⋅ 289,6 ⋅ 1000 ⋅ 15,3 ⋅ 20/1000
ൌ 17,1	kN	
 failure	mode	k	becomes	decisive	
 the	 axial	 capacity	 of	 the	 fasteners	 is	
neglected	
loads	
F୥୩ ൌ 2 ⋅ 19,22 ൌ 38,4 kN	
Fୱ୩ ൌ 2 ⋅ 41,56 ൌ 83,1	kN	
F୵୩ ൌ 2 ⋅ 2,28 ൌ 4,6	kN	
F୯୩ ൌ 2 ⋅ 9,17 ൌ 18,3	kN	
shear	forces	in	the	beam	at	the	connection	
V୥୩ ൌ 2 ⋅ 10,65 ൌ 21,3	kN	
Vୱ୩ ൌ 2 ⋅ 23,03 ൌ 46,1	kN	
V୵୩ ൌ 2 ⋅ 1,27 ൌ 2,53	kN	




Fୢ ൌ 1,2 ⋅ 38,4 ൅ 1,5 ⋅ 83,1 ൅ 1,5 ⋅ 0,7 ⋅ 18,3
ൌ 190,0	kN		
	
F୴.ୖ୩ ൌ 17,1 ⋅ 11 ⋅ 2 ൌ 376,0	
F୴,ୖୢ ൌ 0,9 ⋅ 376,01,3 ൌ 260,3	kN	





Vୢ ൌ 1,2 ⋅ 21,3 ൅ 1,5 ⋅ 46,1 ൅ 1,5 ⋅ 0,7 ⋅ 9,4
ൌ 104,5	kN 





Fଽ଴ୖୢ ൌ 0,9 ⋅ 153,11,3 ൌ 106,0	kN 


















nୣ୤ ൌ 9଴,ଽ ൌ 7,22	
for	horizontal	loads	
10	screws	Ø8	mm	















aଵ ൌ 7 ⋅ 0,8 ൌ 5,6	cm	
aଶ ൌ 5 ⋅ 0,8 ൌ 4	cm	






f୲ୣ୬ୱ,୩ ൌ f୷୩ ൌ 240	N/mmଶ	
for	vertical	loads	




F୲,ୖ୩ ൌ 7,94 ⋅ 240 ⋅ π ⋅ ൬82൰
ଶ



















Fୢ ൌ 1,2 ⋅ 11,43sin 45 ൌ 19,4	kN	
F୲,ୖୢ ൌ 1,1 ⋅ 87,21,3 ൌ 73,7	kN	





Fୢ ൌ 1,5 ⋅ 20,88sin 45 ൌ 44,3	kN	
F୲,ୖୢ ൌ 1,1 ⋅ 95,81,3 ൌ 81,1	kN	
η ൌ 44,381,1 ൌ 0,55	
	η୲୭୲ ൌ 0,26 ൅ 0,55 ൌ 0,81 ൏ 1,0		check	for	tension	perpendicular	to	the	grain	in	the	beam	
vertical 
Vୢ ൌ 1,2 ⋅ 5,94 ൌ 7,13	kN 




Fଽ଴ୖୢ ൌ 1,1 ⋅ 80,91,3 ൌ 68,4	kN 
η ൌ 7,1368,4 ൌ 0,10 ൏ 1,0 
horizontal 
Vୢ ൌ 1,5 ⋅ 12,15 ൌ 18,23	kN 




Fଽ଴ୖୢ ൌ 1,1 ⋅ 81,51,3 ൌ 68,9	kN 
η ൌ 18,2368,9 ൌ 0,26 ൏ 1,0 






























aଵ ൌ ሺ3 ൅ 2 ⋅ cos 0ሻ ⋅ 2,0 ൌ 10	cm	
aଶ ൌ 3 ⋅ 2,0 ൌ 6	cm	
aଷ୲ ൌ maxሺ7 ⋅ 2,0 ൌ 14	; 8ሻ ൌ 14	cm	
aସୡ ൌ 3 ⋅ 2,0 ൌ 6	cm	
column	
aଵ ൌ ሺ3 ൅ 2 ⋅ cos 54ሻ ⋅ 2,0 ൌ 9,24	cm	
aଶ ൌ 3 ⋅ 2,0 ൌ 6	cm	
aସ୲
ൌ max൫ሺ2 ൅ 2 ⋅ sin 54ሻ ⋅ 2,0 ൌ 6,51	; 3 ⋅ 2,0
ൌ 6൯ ൌ 6,51	cm	
capacity	per	fastener	per	shear	plane	
M୷,ୖ୩ ൌ 0,3 ⋅ 400 ⋅ 20ଶ,଺/1000 ൌ 289,6 Nm	
f୦,଴,୩ ൌ 0,082 ⋅ ሺ1 െ 0,01 ⋅ 20ሻ ⋅ 385
ൌ 25,26	N/mmଶ	
kଽ଴ ൌ 1,35 ൅ 0,015 ⋅ 20 ൌ 1,65	





ൌ 25,26 ⋅ 100 ⋅ 20













Fୢ ൌ 1,5 ⋅ 530,9 ൌ 796,4	kN	 	
diagonal	
F୴.ୖ୩ ൌ 7,93 ⋅ 6 ⋅ 24,9 ൌ 1185,8	kN	




η ൌ 796,41003,4 ൌ 0,79 ൏ 1,0	
column	
F୴.ୖ୩ ൌ 6,74 ⋅ 6 ⋅ 21,0 ൌ 850,9	kN	
F୴,ୖୢ ൌ 1,1 ⋅ 850,91,3 ൌ 720,0	kN	






Vୢ ൌ 1,5 ⋅ 20,2 ൌ 30,3	kN 





Fଽ଴ୖୢ ൌ 1,1 ⋅ 82,71,3 ൌ 70,0	kN 















































g୩ ൌ 1,69 ⋅ 0,6 ൌ 1,01 kN/m	
s୩ ൌ 4,66 ⋅ 0,6 ൌ 2,80 kN/m	
	
w ൌ 0,2 ⋅ 1,044 ൌ 0,21 kN/mଶ	
qሺHሻ ൌ 0,75	kN/mଶ	
	
w୩ ൌ 0,21 ⋅ 0,6 ൌ 0,13 kN/m	
q୩ ൌ 0,75 ⋅ 0,6 ൌ 0,45 kN/m	
Q୩ ൌ 1,5 kN	
ULS	CO3	
k୫୭ୢ ൌ 0,9	
pୢ ൌ 1,20 ⋅ 1,01 ൅ 1,50 ⋅ 2,80 ൌ 5,41	kN/m	
Qୢ ൌ 1,50 ⋅ 0,70 ⋅ 1,5 ൌ 1,58	kN	
Mୢ ൌ 0,125 ⋅ 5,41 ⋅ 5,15ଶ ൅ 0,250 ⋅ 1,58 ⋅ 5,15
ൌ 19,97	kNm	
σ୫ୢ ൌ 19971536 ൌ 1,30	kN/cm
ଶ	





η ൌ 1,301,88 ൌ 0,69 ൏ 1,0	
Vୢ ൌ 0,500 ⋅ 5,41 ⋅ 4,64 ൅ 1,58 ൌ 15,51	kN	
τୢ ൌ 1,5 ⋅ 15,510,67 ⋅ 384 ൌ 0,09	kN/cm
ଶ	
f୴ୢ ൌ 0,9 ⋅ 0,351,15 ൌ 0,27	kN/cm
ଶ	








76,8 ⋅ 1150 ⋅ 18432 ൌ 0,438	cm	
w୧୬ୱ୲,ୱ ൌ 1,208	cm	
w୧୬ୱ୲,୵ ൌ 0,054	cm	
w୧୬ୱ୲,୕ ൌ 1,5 ⋅ 515
ଷ
48 ⋅ 1150 ⋅ 18432 ൌ 0,201	cm	
instantaneous	deformation	
w୧୬ୱ୲
ൌ 0,438 ൅ 1,208 ൅ 0,6 ⋅ 0,054 ൅ 0,7 ⋅ 0,201
ൌ 1,82	cm	
max	w୧୬ୱ୲ ൌ 515300 ൌ 1,72	cm	
η ൌ 1,821,72 ൌ 1,06 ൎ 1,0	
final	deformation	
w୤୧୬
ൌ 0,438 ⋅ ሺ1 ൅ 0,6ሻ ൅ 1,208 ⋅ ሺ1 ൅ 0,2 ⋅ 0,6ሻ
൅ 0,054 ⋅ ሺ0,6 ൅ 0ሻ ൅ 0,201 ⋅ ሺ0,7 ൅ 0,3 ⋅ 0,6ሻ
ൌ 2,26	cm	
max	w୤୧୬ ൌ 515150 ൌ 3,43	cm	
η ൌ 2,263,43 ൌ 0,66 ൏ 1,0	
	
max	reaction	forces	
A୥୩ ൌ 0,5 ⋅ 1,01 ⋅ 5,15 ൌ 2,61	kN	
Aୱ୩ ൌ 0,5 ⋅ 2,80 ⋅ 5,15 ൌ 7,20	kN	
A୵୩ ൌ 0,5 ⋅ 0,13 ⋅ 5,15 ൌ 0,32	kN	





























q୩ ൌ 2,5 ⋅ 0,6 ൌ 1,5 kN/m	
Q୩ ൌ 1,5 kN	
ULS	CO2	
k୫୭ୢ ൌ 0,8	
pୢ ൌ 1,20 ⋅ 0,83 ൅ 1,50 ⋅ 1,5 ൌ 3,25	kN/m	
Mୢ ൌ 0,125 ⋅ 3,25 ⋅ 5,15ଶ ൌ 10,78	kNm	
σ୫ୢ ൌ 10781067 ൌ 1,01	kN/cm
ଶ	
f୫ୢ ൌ 0,8 ⋅ 2,41,15 ൌ 1,67 kN/cm
ଶ	
	
η ൌ 1,011,67 ൌ 0,61 ൏ 1,0	
Vୢ ൌ 0,500 ⋅ 3,25 ⋅ 4,64 ൌ 8,37	kN	







f୴ୢ ൌ 0,8 ⋅ 0,351,15 ൌ 0,24 kN/cm
ଶ	










w୧୬ୱ୲ ൌ 0,623 ൅ 1,120 ൅ 0 ൅ 0 ൌ 1,74	cm	
max	w୧୬ୱ୲ ൌ 515300 ൌ 1,72 cm	
	
η ൌ 1,741,72 ൌ 1,02 ൎ 1,0	
final	deformation	
w୤୧୬
ൌ 0,623 ⋅ ሺ1 ൅ 0,6ሻ ൅ 1,120 ⋅ ሺ1 ൅ 0,3 ⋅ 0,6ሻ
൅ 0 ൅ 0 ൌ 2,32	cm	
max	w୤୧୬ ൌ 515150 ൌ 3,43	cm	





A୥୩ ൌ 0,5 ⋅ 0,83 ⋅ 5,15 ൌ 2,15	kN	
Aୱ୩ ൌ 0	
A୵୩ ൌ 0	








A୥୩ ൌ 0,5 ⋅ 1,01 ⋅ 4,38 ൌ 2,22	kN	
Aୱ୩ ൌ 0,5 ⋅ 2,80 ⋅ 4,38 ൌ 6,12	kN	
A୵୩ ൌ 0,5 ⋅ 0,13 ⋅ 4,38 ൌ 0,27	kN	









A୥୩ ൌ 0,5 ⋅ 0,83 ⋅ 4,38 ൌ 1,83	kN	
Aୱ୩ ൌ 0	
A୵୩ ൌ 0	































g୩ ൌ 2,610,6 ൌ 4,35	kN/m	
s୩ ൌ 7,200,6 ൌ 12,0	kN/m	
w୩ ൌ 0,320,6 ൌ 0,54	kN/m	






















pୢ ൌ 1,20 ⋅ 4,35 ൅ 1,50 ⋅ 12,0 ൌ 23,2	kN/m	
qୢ ൌ 1,5 ⋅ 0,7 ⋅ 1,93 ൌ 2,03	kN/m	
Mୢ ൌ 23,2 ⋅ 0,4243 ൅ 2,03 ⋅ 0,4367
ൌ 10,74	kNm	
σ୫ୢ ൌ 10741152 ൌ 0,93	kN/cm
ଶ	
f୫ୢ ൌ 0,9 ⋅ 2,41,15 ൌ 1,88 kN/cm
ଶ	
	
η ൌ 0,931,88 ൌ 0,50 ൏ 1,0	
Vୢ ൌ 23,2 ⋅ 1,252 ൅ 2,03 ⋅ 1,258 ൌ 31,6	kN	
τୢ ൌ 1,5 ⋅ 31,60,67 ⋅ 288 ൌ 0,25	kN/cm
ଶ	
f୴ୢ ൌ 0,9 ⋅ 0,351,15 ൌ 0,27	kN/cm
ଶ	





w୧୬ୱ୲,୥ ൌ 4,35 ⋅ 0,0087 ൌ 0,038	cm	
w୧୬ୱ୲,ୱ ൌ 12,0 ⋅ 0,0087 ൌ 0,104	cm	
w୧୬ୱ୲,୵ ൌ 0,54 ⋅ 0,0087 ൌ 0,005	cm	
w୧୬ୱ୲,୯ ൌ 1,93 ⋅ 0,0089 ൌ 0,017	cm	
instantaneous	deformation	
w୧୬ୱ୲
ൌ 0,038 ൅ 0,104 ൅ 0,6 ⋅ 0,005 ൅ 0,7 ⋅ 0,017
ൌ 0,157	
max	w୧୬ୱ୲ ൌ 210300 ൌ 0,70	cm	






ൌ 0,038 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,104 ⋅ ሺ1 ൅ 0,2 ⋅ 0,6ሻ
൅ 0,005 ⋅ ሺ0,6 ൅ 0ሻ ൅ 0,017 ⋅ ሺ0,7 ൅ 0,3 ⋅ 0,6ሻ
ൌ 0,195	cm	
max	w୤୧୬ ൌ 210150 ൌ 1,40	cm	





















g୩ ൌ 2,150,6 ൌ 4,35	kN/m	
s୩ ൌ 0	
w୩ ൌ 0	




















gୢ ൌ 1,20 ⋅ 3,58 ൌ 4,30	kN/m	
qୢ ൌ 1,5 ⋅ 6,44 ൌ 9,66	kN/m	




σ୫ୢ ൌ 604768 ൌ 0,79	kN/cm
ଶ	
f୫ୢ ൌ 0,8 ⋅ 2,41,15 ൌ 1,67 kN/cm
ଶ	
η ൌ 0,791,67 ൌ 0,47 ൏ 1,0	
Vୢ ൌ 4,30 ⋅ 1,252 ൅ 9,66 ⋅ 1,258 ൌ 17,53	kN	
τୢ ൌ 1,5 ⋅ 17,530,67 ⋅ 192 ൌ 0,20	kN/cm
ଶ	
f୴ୢ ൌ 0,8 ⋅ 0,351,15 ൌ 0,24	kN/cm
ଶ	





w୧୬ୱ୲,୥ ൌ 3,58 ⋅ 0,01935 ൌ 0,069	cm	
w୧୬ୱ୲,ୱ ൌ 0	
w୧୬ୱ୲,୵ ൌ 0	
w୧୬ୱ୲,୯ ൌ 6,44 ⋅ 0,01987 ൌ 0,128	cm	
instantaneous	deformation	
w୧୬ୱ୲ ൌ 0,069 ൅ 0,128 ൅ 0 ൅ 0 ൌ 0,20	cm	
max	w୧୬ୱ୲ ൌ 210300 ൌ 0,70	cm	
η ൌ 0,200,70 ൌ 0,28 ൏ 1,0	
final	deformation	
w୤୧୬
ൌ 0,069 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,128 ⋅ ሺ1 ൅ 0,3 ⋅ 0,6ሻ
൅ 0 ൅ 0 ൌ 0,26	cm	
max	w୤୧୬ ൌ 210150 ൌ 1,40	cm	












A୯୩ ൌ 5,475 ⋅ 1,88 ൌ 10,29	kN	
max	internal	forces	
Vେ୪,୥୩ ൌ 0,9393 ⋅ 3,04 ൌ 2,86	kN	
Vେ୪,ୱ୩ ൌ 0	
Vେ୪,୵୩ ൌ 0	


















I୷ ൌ I୸ ൌ 13333	cmସ	







σୡୢ ൌ 460,8400 ൌ 1,27	kN/cm
ଶ	
fୡୢ ൌ 1,1 ⋅ 2,41,15 ൌ 2,30	kN/cm
ଶ	
flexural	buckling	
λ ൌ 319,55,77 ൌ 55,3	
λ୰ୣ୪ ൌ 55,3π ⋅ ඨ
24
9600 ൌ 0,88	
k ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ0,88 െ 0,3ሻ ൅ 0,88ଶሻ
ൌ 0,92	
kୡ ൌ 10,92 ൅ ඥ0,92ଶ െ 0,88ଶ ൌ 0,853	























g୩ ൌ 2,220,6 ൌ 3,70	kN/m	
s୩ ൌ 6,120,6 ൌ 10,21	kN/m	
w୩ ൌ 0,270,6 ൌ 0,46	kN/m	






















pୢ ൌ 1,20 ⋅ 3,70 ൅ 1,50 ⋅ 10,21 ൌ 19,75	kN/m	
qୢ ൌ 1,5 ⋅ 0,7 ⋅ 1,64 ൌ 1,72	kN/m	
Mୢ ൌ 19,75 ⋅ 0,5382 ൅ 1,72 ⋅ 0,6297
ൌ 11,72	kNm	
σ୫ୢ ൌ 11721152 ൌ 1,02	kN/cm
ଶ	
f୫ୢ ൌ 0,9 ⋅ 2,41,15 ൌ 1,88 kN/cm
ଶ	
	
η ൌ 1,021,88 ൌ 0,54 ൏ 1,0	
Vୢ ൌ 19,75 ⋅ 1,392 ൅ 1,72 ⋅ 1,431 ൌ 29,96	kN	
τୢ ൌ 1,5 ⋅ 29,960,67 ⋅ 288 ൌ 0,23	kN/cm
ଶ	
f୴ୢ ൌ 0,9 ⋅ 0,351,15 ൌ 0,27	kN/cm
ଶ	





w୧୬ୱ୲,୥ ൌ 3,70 ⋅ 0,01254 ൌ 0,046	cm	
w୧୬ୱ୲,ୱ ൌ 0,128	cm	
w୧୬ୱ୲,୵ ൌ 0,006	cm	
w୧୬ୱ୲,୯ ൌ 1,64 ⋅ 0,01801 ൌ 0,030	cm	
instantaneous	deformation	
w୧୬ୱ୲ ൌ 0,046 ൅ 0,128 ൅ 0,6 ⋅ 0,006 ൅ 0,7 ⋅ 0,30
ൌ 0,199	cm	




η ൌ 0,1990,77 ൌ 0,26 ൏ 1,0	
final	deformation	
w୤୧୬
ൌ 0,046 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,128 ⋅ ሺ1 ൅ 0,2 ⋅ 0,6ሻ
൅ 0,006 ⋅ ሺ0,6 ൅ 0ሻ ൅ 0,030 ⋅ ሺ0,7 ൅ 0,3 ⋅ 0,6ሻ
ൌ 0,247	cm	
max	w୤୧୬ ൌ 232150 ൌ 1,55	cm	
η ൌ 0,2471,55 ൌ 0,16 ൏ 1,0	
max	reaction	forces	
A୥୩ ൌ 3,70 ⋅ 0,928 ൌ 3,43	kN	
Aୱ୩ ൌ 9,47	kN	
A୵୩ ൌ 0,42	kN	
A୯୩ ൌ 1,64 ⋅ 1,044 ൌ 1,71	kN	
B୥୩ ൌ 3,70 ⋅ 2,552 ൌ 9,45	kN	
Bୱ୩ ൌ 26,04	kN	
B୵୩ ൌ 1,17	kN	





















g୩ ൌ 1,830,6 ൌ 3,04	kN/m	
s୩ ൌ 0	
w୩ ൌ 0	






















gୢ ൌ 1,20 ⋅ 3,04 ൌ 3,65	kN/m	
qୢ ൌ 1,5 ⋅ 5,48 ൌ 8,21	kN/m	
Mୢ ൌ 3,65 ⋅ 0,5382 ൅ 8,21 ⋅ 0,6297 ൌ 7,14	kNm
σ୫ୢ ൌ 714768 ൌ 0,93	kN/cm
ଶ	
f୫ୢ ൌ 0,8 ⋅ 2,41,15 ൌ 1,67 kN/cm
ଶ	
	
η ൌ 0,931,67 ൌ 0,56 ൏ 1,0	
Vୢ ൌ 3,65 ⋅ 1,392 ൅ 8,21 ⋅ 1,431 ൌ 16,84	kN	
τୢ ൌ 1,5 ⋅ 16,840,67 ⋅ 192 ൌ 0,20	kN/cm
ଶ	
f୴ୢ ൌ 0,8 ⋅ 0,351,15 ൌ 0,24	kN/cm
ଶ	







w୧୬ୱ୲,୥ ൌ 3,04 ⋅ 0,0188 ൌ 0,057	cm	
w୧୬ୱ୲,ୱ ൌ 0	
w୧୬ୱ୲,୵ ൌ 0	
w୧୬ୱ୲,୯ ൌ 5,48 ⋅ 0,02701 ൌ 0,148	cm	
instantaneous	deformation	
w୧୬ୱ୲ ൌ 0,057 ൅ 0,148 ൅ 0 ൅ 0 ൌ 0,205	cm	
max	w୧୬ୱ୲ ൌ 232300 ൌ 0,77	cm	
η ൌ 0,2050,77 ൌ 0,26 ൏ 1,0	
final	deformation	
w୤୧୬
ൌ 0,057 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,148 ⋅ ሺ1 ൅ 0,3 ⋅ 0,6ሻ
൅ 0 ൅ 0 ൌ 0,266	cm	
max	w୤୧୬ ൌ 232150 ൌ 1,55	cm	
η ൌ 0,2661,55 ൌ 0,17 ൏ 1,0	
	
max	reaction	forces	
A୥୩ ൌ 3,04 ⋅ 0,928 ൌ 2,82	kN	
Aୱ୩ ൌ 0	
A୵୩ ൌ 0	
A୯୩ ൌ 5,48 ⋅ 1,044 ൌ 5,72	kN	
B୥୩ ൌ 3,04 ⋅ 2,552 ൌ 7,77	kN	
Bୱ୩ ൌ 0	
B୵୩ ൌ 0	










I୷ ൌ I୸ ൌ 10667	cmସ	




I୷ ൌ I୸ ൌ 13333	cmସ	











g୩ ൌ 3,7 ⋅ 0,16 ⋅ 0,2 ൌ 0,037	kN/m	  self‐weight	of	the	column	











g୩ ൌ 3,7 ⋅ 0,2 ⋅ 0,2 ൌ 0,046	kN/m	  self‐weight	of	the	column	















gୢ ൌ 1,2 ⋅ 0,037 ൌ 0,044	kN/m	
Nୡୢ
ൌ 1,2 ⋅ 43,0 ൅ 0,044 ⋅ 16 ⋅ 3,195 ൅ 1,5
⋅ 60,9 ൌ 145,2	kN	
σୡୢ ൌ 145,2320 ൌ 0,45	kN/cm
ଶ	
fୡୢ ൌ 0,8 ⋅ 2,41,15 ൌ 1,67	kN/cm
ଶ	
flexural	buckling	
λ ൌ 319,54,62 ൌ 69,2	
λ୰ୣ୪ ൌ 69,2π ⋅ ඨ
24
9600 ൌ 1,10	
k ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ1,10 െ 0,3ሻ ൅ 1,10ଶሻ
ൌ 1,15	
kୡ ൌ 11,15 ൅ ඥ1,15ଶ െ 1,10ଶ ൌ 0,683	
η ൌ 0,450,683 ⋅ 1,67 ൌ 0,40 ൏ 1,0	
column	B,	C	
gୢ ൌ 1,2 ⋅ 0,046 ൌ 0,055	kN/m	
Nୡୢ
ൌ 1,2 ⋅ 118,2 ൅ 0,055 ⋅ 16 ⋅ 3,195 ൅ 1,5
⋅ 162,5 ൌ 388,4	kN	
σୡୢ ൌ 388,4400 ൌ 0,97	kN/cm
ଶ	
fୡୢ ൌ 0,8 ⋅ 2,41,15 ൌ 1,67	kN/cm
ଶ	
flexural	buckling	




λ୰ୣ୪ ൌ 55,3π ⋅ ඨ
24
9600 ൌ 0,88	
k ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ0,88 െ 0,3ሻ ൅ 0,88ଶሻ
ൌ 0,92	
kୡ ൌ 10,92 ൅ ඥ0,92ଶ െ 0,88ଶ ൌ 0,853	






















aଵ ൌ ሺ3 ൅ 2 ⋅ cos 0ሻ ⋅ 2,0 ൌ 10	cm	
aଶ ൌ 3 ⋅ 2,0 ൌ 6	cm	
aଷ୲ ൌ maxሺ7 ⋅ 2,0 ൌ 14	; 8ሻ ൌ 14	cm	
aସୡ ൌ 3 ⋅ 2,0 ൌ 6	cm	
	
capacity	per	fastener	per	shear	plane	
M୷,ୖ୩ ൌ 0,3 ⋅ 400 ⋅ 20ଶ,଺/1000 ൌ 289,6 Nm	




ൌ 25,26 ⋅ 67 ⋅ 20









Fୢ ൌ 448,6	kN	  cf.	RFEM	analysis	
F୴.ୖ୩ ൌ 19,8 ⋅ 6,52 ⋅ 4 ൌ 516,2	kN	
F୴,ୖୢ ൌ 1,1 ⋅ 516,21,3 ൌ 436,8	kN	


































Fୢ ൌ 1,2 ⋅ 2,61 ൅ 1,5 ⋅ 7,20 ൅ 1,5 ⋅ 0,7 ⋅ 1,16
ൌ 15,1	kN		F୴.ୖ୩ ൌ 23,9	kN	
F୴,ୖୢ ൌ 0,9 ⋅ 23,91,3 ൌ 16,5	kN	
η ൌ 15,116,5 ൌ 0,92 ൏ 1,0	
 11	bolts	and	2	shear	planes	
check	for	tension	perpendicular	to	the	grain	in	the	beam	
Vୢ ൌ Fୢ ൌ 15,1	kN 





Fଽ଴ୖୢ ൌ 0,9 ⋅ 51,51,3 ൌ 35,6	kN 



































aଶ ൌ 3 ⋅ 2,0 ൌ 6	cm	
aସ୲
ൌ max൫ሺ2 ൅ 2 ⋅ sin 90ሻ ⋅ 2,0 ൌ 8	; 	3 ⋅ 2,0 ൌ 6൯
ൌ 8	cm	
aସୡ ൌ 3 ⋅ 2,0 ൌ 6	cm	
stud	
aଵ ൌ ሺ3 ൅ 2 ⋅ cos 0ሻ ⋅ 2,0 ൌ 10	cm	
aଶ ൌ 3 ⋅ 2,0 ൌ 6	cm	
aସୡ ൌ 3 ⋅ 2,0 ൌ 6	cm	
capacity	per	fastener	per	shear	plane	
M୷,ୖ୩ ൌ 0,3 ⋅ 400 ⋅ 20ଶ,଺/1000 ൌ 289,6 Nm	
floor	beam	(member	1)	
f୦,଴,୩ ൌ 0,082 ⋅ ሺ1 െ 0,01 ⋅ 20ሻ ⋅ 385
ൌ 25,26	N/mmଶ	
kଽ଴ ൌ 1,35 ൅ 0,015 ⋅ 20 ൌ 1,65	
f୦,ଽ଴,୩ ൌ 25,261,65 ⋅ sinଶ 90 ൅ cosଶ 90 ൌ 15,3	N/mm
ଶ
stud	(member	2)	
f୦,଴,୩ ൌ 0,082 ⋅ ሺ1 െ 0,01 ⋅ 20ሻ ⋅ 385
ൌ 25,26	N/mmଶ	





ൌ 1,05 ⋅ 15,3 ⋅ 80 ⋅ 202 ൅ 1,65 ⋅ ቎ඨ2 ⋅ 1,65 ⋅ ሺ1 ൅ 1,65ሻ ൅
4 ⋅ 1,65 ⋅ ሺ2 ൅ 1,65ሻ ⋅ 289,64 ⋅ 1000













Fୢ ൌ 1,2 ⋅ 5,53 ൅ 1,5 ⋅ 10,29 ൌ 22,08	kN	 	
F୴.ୖ୩ ൌ 2,93 ⋅ 1 ⋅ 13,09 ൌ 38,5	kN	
F୴,ୖୢ ൌ 0,8 ⋅ 38,51,3 ൌ 23,7	kN	
η ൌ 22,0823,7 ൌ 0,93 ൏ 1,0	
 2,94	bolts	and	1	shear	plane	
tension	perpendicular	to	the	grain	
Vୢ ൌ 1,2 ⋅ 2,86 ൅ 1,5 ⋅ 5,36 ൌ 11,5	kN	




Fଽ଴ୖୢ ൌ 0,8 ⋅ 30,11,3 ൌ 18,5	kN 




























storey	no	 M	 N	 t t t
‐	 ሾ%ሿ	 ሾ%ሿ	 ሾmmሿ ሾmmሿ ሾmmሿ	
0	 100,00 100,00	 145 170 246
1	 87,11 93,33	 145 170 246
2	 75,11 86,67	 145 170 246
3	 64,00 80,00	 145 170 246
4	 53,78 73,33	 145 170 246
5	 44,44 66,67	 120 120 170
6	 36,00 60,00	 120 120 170
7	 28,44 53,33	 120 120 170
8	 21,78 46,67	 120 120 170
9	 16,00 40,00	 120 120 170
10	 11,11 33,33	 95 95 95
11	 7,11	 26,67	 95 95 95
12	 4,00	 20,00	 95 95 95
13	 1,78	 13,33	 95 95 95
14	 0,44	 6,67	 95 95 95




















































pୢ ൌ 1,20 ⋅ 1,97 ൅ 1,50 ⋅ 4,41 ൌ 8,97	kN/mଶ	
qୢ ൌ 1,50 ⋅ 0,7 ⋅ 0,75 ൌ 0,79	kN/mଶ	
Mୢ ൌ 8,97 ⋅ 2,311 ൅ 0,79 ⋅ 2,311
ൌ 22,55	kNm/m	
σ୫ୢ ൌ 22553504 ൌ 0,64	kN/cm
ଶ	
f୫ୢ ൌ 0,9 ⋅ 1,011,15 ൌ 0,79 kN/cm
ଶ	
	
η ൌ 0,640,79 ൌ 0,81 ൏ 1,0	
Vୢ ൌ 8,97 ⋅ 2,718 ൅ 0,79 ⋅ 2,718 ൌ 26,52	kN	





f୴ୢ ൌ 0,9 ⋅ 0,071,15 ൌ 0,055 kN/cm
ଶ	
η ൌ 0,0410,055 ൌ 0,75 ൏ 1,0	
SLS	CO9/10	
w୧୬ୱ୲,୥ ൌ 1,97 ⋅ 0,1546 ൌ 0,305	cm	
w୧୬ୱ୲,ୱ ൌ 0,681	cm	
w୧୬ୱ୲,୵ ൌ 0,032	cm	
w୧୬ୱ୲,୯ ൌ 0,75 ⋅ 0,2483 ൌ 0,186	cm	
instantaneous	deformation	
w୧୬ୱ୲
ൌ 0,305 ൅ 0,681 ൅ 0,6 ⋅ 0,032 ൅ 0,7 ⋅ 0,186
ൌ 1,14	cm	
max	w୧୬ୱ୲ ൌ 438300 ൌ 1,46	cm	
η ൌ 1,141,46 ൌ 0,78 ൏ 1,0	
final	deformation	
w୤୧୬
ൌ 0,305 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0,681 ⋅ ሺ1 ൅ 0,2 ⋅ 0,6ሻ
൅ 0,032 ⋅ ሺ0,6 ൅ 0ሻ ൅ 0,186 ⋅ ሺ0,7 ൅ 0,3 ⋅ 0,6ሻ
ൌ 1,43	cm	
max	w୤୧୬ ൌ 438150 ൌ 2,92	cm	
































gୢ ൌ 1,20 ⋅ 1,64 ൌ 2,0	kN/mଶ	
qୢ ൌ 1,50 ⋅ 2,5 ൌ 3,75	kN/mଶ	
Mୢ ൌ 2,0 ⋅ 2,311 ൅ 3,75 ⋅ 2,311 ൌ 13,21	kNm/m
σ୫ୢ ൌ 13213504 ൌ 0,38	kN/cm
ଶ	
f୫ୢ ൌ 0,8 ⋅ 1,011,15 ൌ 0,70 kN/cm
ଶ	
	
η ൌ 0,380,70 ൌ 0,54 ൏ 1,0	




τୢ ൌ 1,5 ⋅ 15,540,67 ⋅ 1450 ൌ 0,024	kN/cm
ଶ	
f୴ୢ ൌ 0,8 ⋅ 0,071,15 ൌ 0,049	kN/cm
ଶ	
η ൌ 0,0240,049 ൌ 0,50 ൏ 1,0	
SLS	CO7/8	
w୧୬ୱ୲,୥ ൌ 1,64 ⋅ 0,1546 ൌ 0,253	cm	
w୧୬ୱ୲,ୱ ൌ 0	
w୧୬ୱ୲,୵ ൌ 0	
w୧୬ୱ୲,୯ ൌ 2,5 ⋅ 0,2483 ൌ 0,621	cm	
instantaneous	deformation	
w୧୬ୱ୲ ൌ 0,253 ൅ 0 ൅ 0 ൅ 0,7 ⋅ 0,621 ൌ 0,69	cm	
max	w୧୬ୱ୲ ൌ 438300 ൌ 1,46	cm	
η ൌ 0,691,46 ൌ 0,47 ൏ 1,0	
final	deformation	
w୤୧୬
ൌ 0,253 ⋅ ሺ1 ൅ 0,6ሻ ൅ 0 ൅ 0 ൅ 0,621
⋅ ሺ0,7 ൅ 0,3 ⋅ 0,6ሻ ൌ 0,95	cm	
max	w୤୧୬ ൌ 438150 ൌ 2,92	cm	

































ൌ 1,2 ⋅ 68,6 ൅ 1,5 ⋅ 222,1 ൅ 1,5 ⋅ 0,7 ⋅ 4,9
൅ 1,5 ⋅ 0,7 ⋅ 50,7 ൌ 473,7	kN/m	
σୡୢ ൌ 473,7100 ⋅ 14,5 ൌ 0,33	kN/cm
ଶ	




λ ൌ 319,54,19 ൌ 76,3	
λ୰ୣ୪ ൌ 76,3π ⋅ ඨ
8,3
2300 ൌ 1,46	
k ൌ 0,5 ⋅ ሺ1 ൅ 0,1 ⋅ ሺ1,46 െ 0,3ሻ ൅ 1,46ଶሻ
ൌ 1,62	
kୡ ൌ 11,62 ൅ ඥ1,62ଶ െ 1,46ଶ ൌ 0,429	
	



















aଶ ൌ 4 ⋅ 2,0 ൌ 8	cm	
aଷ୲ ൌ maxሺ7 ⋅ 2,0 ൌ 14 ; 8ሻ ൌ 14	cm	
	
capacity	per	fastener	per	shear	plane	
M୷,ୖ୩ ൌ 0,3 ⋅ 400 ⋅ 20ଶ,଺/1000 ൌ 289,6 Nm	
f୦,଴,୩ ൌ 0,082 ⋅ ሺ1 െ 0,01 ⋅ 20ሻ ⋅ 385
ൌ 25,26	N/mmଶ	
kଽ଴ ൌ 1,35 ൅ 0,015 ⋅ 20 ൌ 1,65	






ൌ 15,3 ⋅ 170/2 ⋅ 20








Fୢ ൌ 138,4	kN/m	  cf.	RFEM	analysis	
F୴.ୖ୩ ൌ 15,3 ⋅ 7 ⋅ 2 ൌ 214,4	kN/m	
F୴,ୖୢ ൌ 1,1 ⋅ 214,41,3 ൌ 181,5	kN	
η ൌ 138,4181,5 ൌ 0,76 ൏ 1,0	
 7	bolts	and	2	shear	planes	per	m	
check	for	tension	perpendicular	to	the	grain	in	the	beam	
Vୢ ൎ 0,61 ⋅ 138,4 ⋅ 0,143 ൌ 12,1	kN 





Fଽ଴ୖୢ ൌ 1,1 ⋅ 16,71,3 ൌ 14,1	kN 
η ൌ 12,114,1 ൌ 0,85 ൏ 1,0	
 the	shear	force	is	estimated	assuming	the	
wall	to	be	a	beam	supported	by	the	dowels	
with	the	uniform	load	Fୢ	
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Appendix	
Attachments	
 Eurocode	design	(XLSX)	
 RFEM	results	for	the	panel	construction	(XLSX)	
 RFEM	results	for	the	CLT	construction	(XLSX)	
 RFEM	models	for	the	frame,	panel	and	CLT	construction	(RF5)	
 technical	plans	for	the	frame	construction	Pa1.2,	Pa2	(PDF)	
 technical	plans	for	the	panel	construction	Pb1–Pb3,	Pa4.2	(PDF)	
 technical	plans	for	the	CLT	construction	Pc1–Pc2,	Pc3.2	(PDF)	
a)	Frame	Construction	
Elements	
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b)	Panel	Construction	
Elements	
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c)	CLT	Construction	
Elements	
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